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(54)Title: DISPLAY AND ITS MANUFACTURING METHOD 




(57) Abstract 

A display has an optical waveguide plate (12) which light enters, an actuator substrate (18) which is opposed to one of the plate 
surfaces of the optical waveguide plate (12) and on which actuators (14) the number of which corresponds to the number of pixels, pixel 
structures (102) formed on the actuators (14), and crosspieces (70) provided between the optical waveguide plate (12) and the actuator 
substrate (18) in the areas other than the pixel structures (102). The gaps between the optical waveguide plate and the pixel structures can be 
defined easily and uniformly over all the pixels. 
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35, M* t»*firrsfliBf fc£8fr 2 0 #»j£Sft&HWS^£ LXtegTS - tifi 
X#5. Stil 8A(J, »Kffl»EtUT«ffi-r*e3&\ Sffiiffl©S«tbTfcI 
teTS.k'SfcfcoWS. H&taT^^n-X-^S^l 8 fit -ftMT^oT 

uCT% T^jxX-^BRI 4<fcH3M*jfc#:l 0 2©£fl£0*£EI2~eil 0 USt? 
HTKSrrs. 02 OCDfllTte, »5g7 0i:fMl2i:©r B 1 

* y rfwm 5 o ^iswc^^-r. 

£-3% T^^oLX-^filJ 1 .4 H 2 fcjjVrj;? K:, flffiBjgfftffi 2 2 <h@^gB 2 4 

om\ mmffi>2 2±izm.mm^ntcRnymmm^mmm^mm<Dw^m 

M2 6 t. K«Mfc«#»2 6(D±mz : &f&2ntz-tt(Dnffi2 8 (a— «ffi2 8 a& 
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^7All2 8b) 

-M©ii2 8a, mmmm2 6\zMvx±T\z^^rmm^m\fcmz^ 

^iJl-TSfCte, ^©F0co^-5(3, Ti'faX-^lt 1 8 <hM§jfI2 6 t^g 

2 8 OT®?Bm £ LTteu 0 3 {CtkTJ; 5 fc, ^$c© < IsMfimffimz 
*mhtzMW;£VTb£<. ^r(Dm. 0 - 7 8 5 4 9^$BKfc^$*iT^ 

MWU&m2 6(D¥-mMVt&Mx.{mFlBW.£L. -M<DmM2 8£< LttttKlJg 
J&Lfci§£-te, &E! 4 4 B IZtkT<£ ? \Z. WMR&m 2 6 T- 

*f©HM 28©< LtttfSBfllSftSTBfiB^ S 5 5 B tC^-T^k 5 fc, JB#£# 

»12 6 ©¥ffi«^rtK'&£n*JBflB J *\ 0 4 5 B tC^T £ 5 K, — 

ffi 2 8 © < LM<DffifrJ)WW&Wm 2 8 ©¥i5J#lfc&> 6 ttJMti b^Jgffi^ S. 

M4 Bmtm5B\z9ttmm<D^WT?^^x.-&3i 4<Dm&^mz&^Tm*\T~ 

— S*®mffi 2 8 £ L/TH fllfcfcfEl 6 fc^f <fc ? \Z, ■Jgttfig&A 2 6 (DTWUZfflx. 
\,Sn—mM2 8a^MU JEM£tiH$J12 6 <D±M\z%?&Vm2 8b«t5J; 

Z(Dm&, m 1 IC, T^^X-^gB 1 4 £3t3liifcK 1 2 #J££b£ft;5 

LToafeitaff 3 2 t-a^-r 4 0 tiHji4 8 comm 
m\z. m 8 fcjK-r £ 5 3 2 ©tji K^st* 7 2 £ 5 
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X— ^ffll 4lC43tt5— 2t0*ffi2 8 aStf 2 8 bW**M*&-rS45*n*«a6SytJe), 

o 

1 4±C^J5JcSn^lEti:eBffl5*3|(E*l*Wfi*atf 4 4 <hMB4 8 ©*»S#:T$f/& 
ftfr4 4 £0|fflfc}teE|flH 7 2 t^MS 7 4 &:frfiESl*S«fc3 £bTfcJ;H, 
, ft*SMl 2 £7&5-=l3L— 8 tflDW^ViT, M3M8j&# 1 0 2&&<D 

®ft\zjei&2ttft&7 o swux«fij5$n, n 1 <D&mz. m o ©±iscitgatj» 
a 7 o #i x\gffiMfoi$fo 102 ©la^rKijgjdrrs z: z> a z\z\x\ mm 
7 o imm-zwmmtim 1 o 2 t^rsns^is&^-r. 

3r$\ £ l ©3&B0!lte«*«tt, 012 {^Tcfc -5 tc, « 7 0 (C4>& <ifel^o 
7 0 U ICI^Wl 0 2{C*fJtSL-fe^g(Cii|^«#:i 0 2 

tf> l&aaiii**j*#©SB^J&ffltrxh7'r^K0gBP2 2 oswTs. &mn 

iai©H**lj£fl£l 0 2»*s^*n-*WP*SSWUfc«*^T. 
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jg 3 <D3am\z&z&7 o 1 4 ^Tcfc-5 \z, mtEmmmtm 102 omm 

Tt>«fctr>. Hl5-©«a|Ttt, a 7 0 ^^^^2 2 2 &7^f aX-^S 
&1 8 iZ$mm2 2 4fc«koTH*Lfc0!l&3S-r. I 7'T^W2 2 2 0jfiBi«fcl, 

m» ii«7^faX-^lil 8 Srj#^®»^>^B#{ri5^T, I7^fal- 
^*^1 8{C^$nfeT^^a.X-^g|5l 4, «rfC-t-©ilSMK2 2SrffifBS7 0T 

z\z\X\ raiDaO^MW. #t*»d68Wif©tm<¥©»£CoiriTffiiM 
y&f&LtiL 1 2 lCAtt$tlS3t 1 0 t LTtt, #?Mgc<ZHvr 

tfJW^'f H7>^, AO^>7>^ 4Hz/>7>^* h'J^A^> 

So 

ui A^^mmm<Dmmmz^^m^m^f\z. m^2 A\z^xm.mmm 

P-«ffi 2 8a (c® C^SB^ (#Jx.teffT3!4TO ^Am^ 28b tZjfi 
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o 

mmte Z.t. ffiMX&M 2 6 RXf—tt<D*& 28 t (DfcmKjfc&ffifrZ V> £ £S£© 
®Kb^;m-H7A«U 1 0 0 OtltT, *&atIE£a£-T?ffi«E»U £ 

, mwDVz/vj*. mt-r^^A. mt-iyhwi*. nxw3>wj*. rn.it 

e^MtfL/, MK^£L<te2~4^;i/%^1-3££T&0, ICO. 1-5 

o 

. 2©«t«W3fifS*i««e)Sfc«), 8IS©W(t 0. 0 5~2ximT < 

*5il^SK, 0. 1~1 iim-V$,Z>Z.£tfi9Z£tfr2ils\t*. 
0^2 4(1 1M2 2(Dtmtm— 
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wut7)is-v^.WL{t'?>r*z/v&. mtr*>* xtf*;k a^-tk ^itrjv 

££M^$i*3±TWfijT&&<5 T^^^X-^StSl 8 £J#Kfiy$Jl 2 6 
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Pbo.99Nbo.02 C (Z r x Sni. x ) i. y T i y ] o.9 8 0 3 

0.5 <x< 0.6, 0.05<y< 0.063, 0.01<Nb< 0.03 

$&, z.<DE3mwtom\&» ^7ijre&-oTfc=k<» #7Lsr©^fc«m?L^3 o 
. mmu 2 2 (Dmfrtimmmwvmm 2 6 ©js*«j; 0 m < & & t (1 m&jimte 

«< fc«)v K$ttfii&JB 2 6 ty^^al-^lt 1 8 WBt?©J«tfJ#;*:£ < & 0 , fct 

#*na<fc*. k*h^ Js*©#sc#i^eMn?*nfc& Tgttft&jg 2 6 ©a^&RiBSK 

So jgiftffi 2 2 ©JP#.fc£, 1 ~ 1 0 0 At mT&£ £ tffiU^. h<. 3 ~ 

5 0 wm^l:ff$b< 4 5-20 jKm^SfctefefrSLH. — Mfi^l2 6 
it, ^©j?*tLT5-l 0 0 AtmA^SL< 4 5~5 0 AimtfSjefcffSK, 5~ 
3 0 /£m#HKfc*58P£LV\, 

TS^, 0. 0 1~5 0 Mm©J¥$T&£C£#W£b<, 0. 1 ~ 5 um1>*3£\Zlff- 
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^y^rM m. m.m. ^u^x ji^-^a, uwj*. is, xx, ^> 

^>^Xf>, -fUy«?A. 

o 

H^J&ft: 10 2 i:tttl5fi7^M 4 0&DHprfeiSi:SL#:4 4^<75*-fe^ 
fi7 ^^4 0 £W6«fiS5L#4 4 tOS^H ft 1 0 £*AL&3fe88fcK 1 2 fcH 

©s*n iRacctss!n3t©3*aE«oo. sf&jsLk-c&fttt, -€-©3if6jittW6«a 
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mmfc&mMZtttz, itfii*^Msi2$iiL, twciituBLfc 
ytviEmmmifiA (nt) mm&m<D%mmLi 2tm?z>Kttm<D 

nt)T*ofctt5t, 0 . 5XB S^fcT £ # te> fulB*fiJl fctSfitta/fc 
4 A<0. 5XB*»t/fri#ttfe7-f;i/^4 0T»S. 

tsmi 2<DMmm&mt&-t%mizMVTmm.-v&z>£?iznmm-&mm 
BJeiifc £\ Moiffl ^mx & z> . 

fi? w )u? 4 o ©fijj^tt, 1 2 5 v hi*&m s m&ti*m^fc.ib* ytm 
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IMfeiLTIl 1. 3-1. 8 3ft«a*U<, 1. 4-1. 7a*«fcD£*U>. 

x-^ffli 4jW3te3HfeSi 2#JKi£i£&££-5K:JSftM:, ip-fc, — #GJfc:JMX{fc 
l/T. m^^l 0 2©S8®#9t3*ifcKl 2fc**LT3fcl 0 ©&fi^T©ffiBlT?gS 
ftW*4:» *ft3rc££l*Urv*fc3fcl 0«, H*ffi/$#1 0 2©^®T-HStU tic 

33t 4 2 ©;fc«#K3tei»&« 1 2 TSI*£n<2> £fc < » Km®.®. 1 2 ©hu® (£M 

&l2jii3Mftfi&# 10 2 fc-&*tl*fi7-r ^ 4 0 &3V>«WfitfcSL#:4 4 OfeK:^ 
~D$i V . ^CD^gfD a tt, MXtt^ 10 2 ©5fc3*J|fcK 1 2 ^©^MO^MiC 

J: o » yamm 1 2 ©h9m»c* capiat) c £j&*-ctr 

tei 2©m®, bp^, ^Mfca^m-^tcj^Dfc^ (x^h^) s^ks-s-s 

£-£43^T, SR»WffKK?U3ns^»[07^5 : -j.X--^«Bl 4fc**U 
3.X-^»l 40SSfWKjSCfe«JE*BliBrr*. ^T'^aX-^fflSl 4«, EM0£ 

n?t«jaE©i/^;Kc^i;T-^iR]^fi:b, hi 7©0trai, *jbevi , v 2 , 
• v„ i^lt^Wz! , z 2 , ■ • • z„ mi&mzm®L-?z> z\ 

tizttZo 
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1 4 i^Td; o \z. 102 (o-^mt^mmL i 2 owe^omobsiid 

H**fifc#i 0 2tfiyommi 2<Dtm\zm^xm&u immmimi 02© 

A>>t>hMlO40^dptt, 3fc#afcK 1 2 i^Fsl £ © JJL® ( £ (DMT- 
f±. 1 2 ©ITM) fc*3fr*XA*y-fe> h«E©x4t;^— ffl** 1 / e fcfcS 

RSS^U &,T<D (1) ^T-^A^tl, XA^-/-fc>h&©X^jU^-E« 

» £UF© (2) ^T#Ae.n^o 

dP = A/ [27tni^T { s in 2 0 _ (n2 /ni ) 2 j j - (l) 
E = exp {- (D/dp) } ... (2) 

Z.Z\X\ Attftl 0©ilfcg£jKU 0ttBl 8{C^TJ;^{C, MMi2^e.^ 

•fe>hfl[©x^;^-Ett, MIB (2) jfcfciK-r.fcSfc, ytM&fiL 1 2 ©SMKifi^ 

< < , Mi5^w« i 2 ©a®** &sms tfoTMitwiiist§. 
mmmimi o 2'<D$twizxR#znz>yt m&?t4 2) cwtarau jiufzxm-.y-t: 

1 2 ©KM^jfi^x < fc 0 , huib^m 1 2 ©ansa* t 

Z\<D£%* 7^^3.X-^g|5l 4 fccfetf-SJ&tffiHSJB 2 6CD«^«(^D, 
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\£s.^\zM&-?z>z~D<Dmmmi$.w (rgbs2^j) j $>m^zmm?z>4'D<DmmMf& 
eftm&pm izx i^(Dwm&ffij&-isi£z>j:z>iz-?ti&£\,> e 

Z\(D£5\Z. %l(Dmm(DMmizmz>i$ix<mWD aiZ&^Tlt. )t»12t7 
Z^zLJL-f&Ml 8 £<DffliZ£i^T. Wmffl}ffl£l 0 2 &Jl<Dim\Z&7 0 

ua>u z\<Dmi(Dmffi<Dj&m\z&%mjj<muDa\z&uT\tX ±j$©j;^i:^7 

<fcoT, 1 0 2 t^KKffi 1 2 t©ra©^^ y 7g ^ilit^fcoT^ 

4#t^ Ell lfc*T«k5fc, 87 0 1 0 2<DWj5\Zl&$LtZ>m'&\Z 

^«14 0«^fPfd»»*^SClt««et/u^W^t7&:*. -teas*, -r^x© 

1 8 t«n 2 t(omm^mt^(Dt^o 
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m 1 2 fcasT «fc 3d, ^7 0 f;:*i>& < <h l -Dvmmmrfcfo 10 2 £Htr& 

SU7 o a &m-r&£ o iz Ltzm&iz&^Tit* mmm&it 102 <omm^tsam 7 0 

u©^2 Oil0)gi(:I5iiglD b (1 Hi 9^t"«k , 5fc, fgl©^;&&© 
Z\(D^ v ZfMJ&M 5 0 ©#&£«£ 0 , R^irs/ 5 0 (XTBSRfllfiJtft: 1 0 

(^ty^Ml5 0tgi!tSS) ©&©£}|!7LT4d< £, HtrfB=^-v 
£*S 7 0 &Hl$fcJ&drr5#8r^ a$Mft$ft:i 0 2ig7 0^Mlfct, srjiL 

-So 

fnffc, Cr, AU Ni. Ag^(D&mm&3frv7 : &J8,m5 0 tVT®.? t, 

mzft3LL<m^znz> a 

JUS**. W^^fc'li^ 7 ^wi 5 o t UT 
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3fflttft£#l;3L zi>h77.b&M®Z>Z\t&Xg%o 

ta, mtmimi 0 2<D*7MftmizjL/^y±>h®mz£&M<Dnnfim$Lx% 

■5 OWSEStU 1 ~ 5 jfcmg&aqetefr* bli 0 fiU HiJi#l/&#: 1 0 2 t« 7 0 £ 

tnzx* mi 9\z^?m2<DmM<DMM\z%z>m^mmDb\z&^xt$, 

TBttM 5 0 <Dm&& 7 0 ©Si 0 fc*^ < Lfcfcl&jSL&j&t, ^CDffi, m 2 0 CO^ 
JBfclKffiS^SatD ba0<k3 (3, 3^ y ^JSKW 5 0 <om&& 7 0 0 

wz, m3(DmmomWiZ%^7^m^>c\z^>^xm2 

o 

z.<Dm3 <Dm&<Djtmiiz.&*&mmD c 021 5 k:, m 2 ©^us© 
2 0OTic«»©iafigi 1 o«$nx^5M^5. £<z>mi 1 orau m$t 

IstcMt LT^fiTT-g) «fc 3 \z LXh £ V>. 

^©1 3 ilc§5^giD c KJctltof, 10 2 

1 2fc#ftT*iB»K:jfti;TIH&l 1 0©J^j*ffllS[*SV»tt±#$^S)rrsjli:tc: 

<toT, «0aMftj&#i 0 2K*w-*3t»iSE«i 2£^-&^®i»£&£/ l ,£iw]t; 

G3»l 1 OCMlCioT, Sjm$tJ»l 0 2 1 2 (t©af39tt«« 
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o 

C ©Jg 4 ©^Jfi©»JBfc«*^««D d te» 02 2 \Zt&T& 5 fg 2 <Dm&<0 

mmz^m^mm.^ x> t mm vm&&*crzifi. mmmmm^ 102 <om»® 

H©fB4 ©«OJf?»t3««^^lKD d fCitlK, ®3p§*&/&#: 10 2 ©J^WfC 

assi 1 2 siftjta n t-e, o 2-^*&si 2\zffl&rz>Uft<DW». 

&±mmiz&\,*T—mz-tz> z. ^assKfrfco-c^— &raae&*§3 n 

£fc> till 2©#£ElCckoT. MM^l 0 2t3fe*»[«l 2 

o 

Z. (Dm 5 ©§fc86©JBJBfc:#*^£«D eft, 02 3 fc^T «fc "5 fc* Jg 2 ©f£&£© 
illliS^SiD b t &&|«| DfltofcS^TT HffiMftdcft 10 2 ©^S^IH]^ 

#11 4fc£nTv>*j6re&fc:s. 

7^5P^X-^1 4j&*£tirrsi& s^a^i 0 2 0*^#j&*flkfc&fiHfe&J 
^c€?t>«lRl&fct3. ^(Dtztb. MMffi&fo 10 2 ©^nS£|Hlfl^fcK l l4f:ltii^ 
«J*#1 0 2©^^^JA^MK«*M^T^^$^tDD^-&^)C:t-e> 7 
^ax-^ffl l 4*qEfibTlB*l(ljEK# 10 2 iWWm. 1 2 fcg&irraiRfc:. ® 

mmjm 102 o»^scifi<^ 0 > mmmj&fa 102 <Dytmm%. 1 2 K^rr* 

£©*§•£, K»£Kl 1 4 0»jll®»SS^<t5t, H3M8/£#1 0 2/«>S& 
«1 2»dfcttUfclRfc, BSMftSttl 0 2O««Wl 2 fc*W>fc^2RIB 
£fcD, IWKIIWl 0 2(DmMiZWffifiWJ&ZftfcWMtt£Z>o -ZrOtztb 
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[agisiioMt» m4(Dnn<D&m\zffi&mmmmDd<Dmi& mm 

■5*g»D e <Z>«j$ (0*fl$j£#: 10 2 (Dmffi&WMWl 1 1 4 \Z? S-fcft^n 
3 5 0*Dfi©»a8K#*«^|SD c-De ©M^f^Tl^Mfci 6 W 

®^^g2 5 OOlO0li|f2 5 2 tTSdifeRjHgTrfe'So ei©02 5 

thu ^snB©^iia*^-r«^«2 5 4©wm^, «t2 5 2 ^ja^iRjtc 
*^2 5 2iigtt, >7-r^>^ >^^ea#tt> saign*^, sin^^^^t 

02 5t^t«^gt2 5 OfcSSWrfci, §^^2 5 2\zmm% 

0H*©&tf 3 2 <@, Mit^[6]^3 2<H£Ufc*>©£J|Vvr^5. Cin 
&©*16©JUJStC«*«*§6«D a~D f fcfcVvr, ^ff HWrSiiiSSOMtX&^Jfe 

02 5(^-r^Cia®^g«2 5 Old-feWrte, ^©#3"6«2 5 4©SiSfc, ft 



WO 99/24859 



41 



PCT/JP98/05009 



*M<DmmL2 5 4 £*B§L<T» WMffi 1 2 Sr^tf^^2 5 2*7MJ^« 

fciB«l/fcfc©T±iifiS*^«2 5 0**rirrs«fc5fc:bT'b«fciri. c©#&, v 
h U ^^«fcESn*JHR©5tJ»«S 1 2 **ii(nE^©3BfcR 2 5 4 £ £ 

2 5 2$7h U **tKfcE«LTffiiE*iii®£jj^B2 5 0 SiriStSi^ (c 

mrSfi^Tt^ 2 5 4 £?£Si&ffi 1 2 tt®$f*s*«£fel bfc ©*^FS L < , m%WL 2 5 

4£3mmLi 2£&teQ£t>^z>M'£\zte. mwummM&m^Tis&^o z\om 

% A\Z. m 1 ~|g 6 ©^JfiOJgJ8»c«S*3KS«D a ~D f ©SBBDSISfefcr^TH 2 
6 A~B 6 2 B &#J»l/&j&«5|ftgirra. 

®©35, T^iX-^gBi 4j^jfc$nT^ftv>aHtt:87 0£mi£»fiJc& 

fcTjass-r*. S7o©^Kibm #tcps5£$n&v^\ wMttevm-zifim^'h 

mrSsmmteZ) im&lslt*. &<Dm&£LTte5 0~1 OO/imigm 
7*h*)Vif7?4mZ* 08*fc£H2 7A~02 7 C fcijVr«fc 5 87 0£fc* 

jk 1 2 o zmymmLxm i o £j£j&-r<sgi 1 ©7jfet, 0 2 8 A~m 2 8 c t^-r 

&o\Z, 1 2 2©1P1 2 2aCi7 0 t&SlflBU 2 4 £iia6&A/?a 7 0 

ft l ©77i£«, «^.f£KT©«fc -5 fcSMKfc: Tff £T , 0 2 7 At^t 
&5'\Z. T?^^JL-?MUl 8±<D±miZ&7 0d:^I12 0^llMbfc 
02 7 Btzm? «7 0^j*-r^€rai5^fcMP^-rS"7X^l 3 0& 
^LTa7 0 £fc«IKl 2 0 Sa»WK:»3tT«». •*■©«, 02 7 Cfc$Kt\fc-5fc, 
a 7 OtMl 2 Oi:^lT»fT^. I©SSCioTg7 OtfcSBIl 2 0 
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©3 *yfrstiitBfMfi&7 otLxmftL. mftt<tix\ f *te\,*m*wmt<rLT 
, 7*h^^h*m©sfe*, mytmmm*MvxTp^=i.x.-?mfiLi8±.\z7 

^ffl^CWP 12 2a S^TTS. 

02 SBfC^Tcfc^K:, T^i? 1 2 2CIIP 1 2 2 arttS? 0 
SfSfl 2 4 &Wb:&M&&. M 2 8 C fcjSf«fc 5 fc, 7X^7 1 2 2 ZL<hf;:«fc 

i>u<xb&wzib^&7 0'*«'rirrsKi 2 ot^sti^ojBftttoesaDWRj 

f^Sfbfc^, S7 OtT^^aX- ^**61 8 IcW^wrgyWfy 1 3 2S^LTfl6D# 

swains. 

7 0 S-frfb$*T*<^T?**. 
mi©M^©U£0J^MD, 02 6Bl;^fJ;^(:, 7^fal-^Sl8© 

ifcr&o mm&fettL* 02 7a~^2 d^-r^vr^m^m^um-r^^t^x^ 
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#1 0 2 SfiMka-e-SiN::, »Sl2&7^fal-^l 8±©a7 OStf 
W*«^ 10 2 Cffl^TT, 3ti*Jfcffi 1 2 t7^?aI-« 1 8 t&KWZ 

sefi-ra^iftteinffiLfc^ -€-<«sbt?«7 o £iihm8j«#i o 2 ^^$-&t^ 
1:15. 

*«K7 0 £ffii$flftj«#l 0 2 t&T^9=-OLX-^»Rl 8#J}CffUttt3^ctSl;:& 

#102 (D±mt^mim— mt&s. 
z<Dm&* m&m&fti 0 2(Dm^mtvx. mmm^i 0 2<Dmtmzwm 

mffif&ftl 0 2W5tttl^5:tT, 437 0 £IB$fl}j&ft:l 0 2 <h©«gft 

1 4 &3Effi$*Tffl*«ri6# 10 2 &3ti»ifcK 1 2 titt$t5ck5liLTfelMJ; 
K foMTOiB^frl 0 2©Wi:, HH^f/S^l 0 2*«iR»UT» 

102 3&»^e»&« 1 2 izmmt^mt Ltzm&\z 
mm 7 tt^-r=t -5 tc, t^^x-^sb 1 4 omamt. ut, 1 
o 2 1 2 ^ ttmizmti.-? zmstzmm sura n 

> CIPfe OMcflEfttffSs) , 7Vy7^y7tf>y\Z£ZmL* S&BS 

S12 £*¥LlST&fc0&l*£&S£ 14 0 ftKAtrGgI 14 0 |*]£|^3I#T3 £ 
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o c©*&, fmn&tk&mfrr&fcibtz* &mm*m&mf£mz.mmffl&ix\%.itr) 
m3 oiZTjk-rn&eimm^c i p^«, r^^x-^a^i sick 0^5 too a* 

CtlfcioT. 3frHi£l£l 2t7^faI-^Sffil 8 t^sv^&e. 

JfL^T^feO^rT^ 14 2 t.±M 1 4 4 £©ffi|K:A*U {£ffiT7 P l/XT<3#8rC ! & 
7U^^^y^>-^^«k^^fS^fflv^c^j4tt. WJH, iiUBEiWfll, inS&jW 

* 2 ofiBfc&^tt, ymtm 1 2 t3ii3M*j&# 102^70 §mut, 7*9-1. 

n©iBBf fca»©a 7 0 At4n»gj*ft t <j; 59 m& vrc&. m 3 2 b «fc -5 k 
, ytM&BL \2<do%, ^wjDmmznm^tzmmzmw^m^ 102 *mx.\-$&m 

•ei/r, 032 c^Tck^fc, ^m^f^js-r^Rif^y^^iX-^^i 4 

*^^$nfeT^^X— ^a^l 8©— £®©5-£> S7 0\Zttft>tZ>ft.W}i7>7 

1 4 ©±ffi{rjg*?tij 150 s&*rr*. 

•€■©&» t^MMI 2 ±©^7 0 2^f^t^ill. 

il-^St 1 8 ©-£®#J£ft#i&& 1 2 ±©^ 7 0 10 2» 

stt, xmmi 2tT2?-3.3i-*mui 8 t&m^zmm-rttfaiziuEEvtc 
M3 2D t^-r«t 5 {c, 7 0 tmmmmtf 102 m# Ksessy 1 5 

0 sfigftSirr^icMa. 
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0 , T^5P^X-^g|5 1 4 S^SircHJiMfoSfl: 1 0 2 &%M&tiL 1 2 tcjgM 
$#*«J;5tebT*Wi, S7 0 £!ftMftj$#:i 0 2 tCDS!ffcl^fcSI*fllfiJo#l 0 2 

%3<Dmmjmi*. mmmimi 02^7 o^^nfey^^x-^atRi 8 

03 3AI3tJ;5(:> 7??-zLJL—&mUl 8<D—±M<D?*>, T#3^x 

^-^i 4^mm^nx^m^^iz^7 o^m^imm^mzxmm-r^ 
4 ±niB^*fijgft 102 ^m^mMfomz^ t«t 3„ 

0 2£»b£-&3jttrl;:, &#2 0 0^7^fal-«l 8±<D&7 OROTi 
0 2Klf?l^TT> «*f2 0 0 t7^faX-^lS 1 8 t^S^Ugjfi 
-rttmzlmEElsfc.^ -tOttJ8T«7 0 £!fflMftj£#l 0 2 SBMbS-frS. 

«*f©^®¥»ttfi, Mmo»Sl^±t^3j:^OT, Ra<0. IfimfimS. 
L<, #IIRa<0. 0 1 jttmjWSb<JBV\S'*lS. 
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5m\z&z>mm. m&&mm. cip (&7kj£fmm , 7U7^7^>^i 

o o tomvmmmMznzo mjzmz, &%wtMEEvrzvm-en7 o tmmm 
o 2&m4k%itz>&D\zisT\,>%tctb, z\ <DMfe $ nfrssmur 2 ^ x— ^ 

Sffi 1 8 1 2 £ ©KOSgggtofB^-rs £ £ lefts. 

0 2<Dmj$MntLT, mmmi&fo 1 0 2 <omtm\zmm 
mmmzibi 0 2^^-r < g ) TO^v^ ; i <i: - r> ^ 7 0 tmmm^i 0 2 

^(C®^«^# 1 0 2 2 0 0 £<Dffi\Z— fe(D3?y yzfg Z\ £WV 

&2>o cintt. H^a^ 102 tytm&fiL 1 2 t^t::— y 7 g^/&£ 
sfc. mmmrfifti 0 2(Dmm\zwmmmmbi 0 2^jR^T-2>^^vift^ 

^H&^T, S70 <h®^^#:i 0 2 <hcO^«^lij^^#: 1 0 2 2 0 

ot<Dm\z^y7 S &&j&z-&z > £5iz-r2>m&te. m%.& ^#2oo^d# 

«&$-&TiiI^^l 0 2 »2 0 0 ^M^it&^tCLT^m&fc^o t 
7^fal-^l 4<Dm$LV±V b (Wt) \Z^Xmmm^l 0 2 £ffi.tf2 0 

o itwmmi 2fr$MKTzj3fo\zmm-zm&izmmz j t£2>z.£&T~g%o 
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El 3 4 fc5Vr«k "5 tC» 2 0 0 £ LT, i®iSt4i/&#: 10 2 fcfcfjtfrf Sffiffilc-tn 
^*l}I3£©i»2 0 2 £Wt5t)©OTtnH «#2 0 0 t7^^aI-^Si 
1 8 £(DMJ£Rf\Z, mmffif$.&l 0 2©^®{di!rjfetM2 O 2\ZJfcCtcWffil 10 ft 
&f&2nz CtlZfcK), El 2 1 £^TSf§ 3 omiSO^IIf^S^SSD c £«T 

H3 5fc^t"J;"5lw, «*f2 OOiLT, 03M8/£ttl 0 2 ©fljftffi{;:*fc6; 

T5«?!JrK:*ft^*iiM&2 o 4&^5&©&ftffi-r*tf£ tR#2 o o tr^^ax 

— *S4R 1 8 £©iDEEI#fc:, H3M8/$ft 10 2 <DMMg|5^HulBM2 0 4 fcJSEfcg: 

mi i 2ifij&f&'znzz.ii\zi3i0. m2 2\z^-rm4(D^m(Dmmiz%^m^mmD 

03 6fc^-r«k3fc, ««2 o otbx; m^m^i o 2\zttjfctz>mm 
\z^n^n&^2 o 6««^$nfc"b©*ffiffl_-rn«, «#2 ootj^x- 

1 8 i©JP/EB#(C, m&mj&fc 10 2 ©^®lCHufBdi^2 0 6 \ZJ&C1tmi& 
tfcl 1 4#^j££n*££K:fcD, H2 3fc^-r»5©*te©J^I8^S^g«D 

B 3 7 fc^TckS fc, ««2 0 0 £ LX, ^70 IC^TS^PJrMn^ft 

M®M2 o 8&^rr« , &©s«ffl"rntf, ^#2 0 0 tr^^-zLX-^mui 8 

. t©ftlffl^l^ 10 2 <D±mm 7 0 ©±jScj: D feffi < tlS E t K 

H©«£\ g^^T?:*>TO£^t _ #J;U£EI 7 ©J; "5&«jjsStlD a k::i3V* 

t> mmmtizfc 102 ©3t3t&* 1 2 ^©fl?M**«k 0 ^ t&a. 3 a,, bt© 

v yi&j&m 5 0 ffiy&mm t. vxmm-r^m^ u>h?7. h^©®«fpjjt^gi 
s±T?^rsat^o, s/t, t y » 5 0 OT^wmoi^E^. 

6 Aj. 3 «^T?iiIiSM*J5fc# 10 2 j&tJfeigj&K 1 2 j&> 5 gtSf * ^ -f ^©^SSB 
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03 4-037 K^nfiW 2 0 0 OflSU 2 0 2 qsfc^TWU 8Birr<5&4 ©Jffiffi 

« 1 8 ±©£g 7 o ©±® #j 2 1 o ej^wism^ TS&firrs. 

^LT, 03 8BiZM-r^fZ. %mm2 1 0 ftSMfeRl 2£ 

Si 8iSStifc:SSfiT*^fcftlELfc^ ^©^Trga«92 1 0£Mfc£itT 

mmffi&fcl 0 2©^M(CC3gBl 1 O^til 1 2SJgj«LfcD, M^fig#:i 0 
2©^ffi£OT#ii 1 4tC-r**ffitbTtt, ±JEbfc«t'5t, ^M^£jg|52 0 2, 
2 0 4S.tJt2 0 6S:*T^^2 0 0^fflV^^ < h7&W*b^ o £ttfc:fck #7*7? 

»j«sn&«*j2 o oiz-&<Dmmj&j&mz£r>&mm j $>ui?x hm&j&i$rrtt& 

iftfr&VKmteZtlZ. &3&2 0 2, 2 0 4RBC2 0 6©^->1>J5Stgfi^ 

M 2 0 2 , 2 0 4M 2 0 6 ©i65£ «, 0 . 1 ~ 2 mSfg. 

IiM#:i O 2©^®tC[Hm&l 1 O^ggl 1 2 ^ feiL 

Tfct h*»j«#i o 2®^ffiid^s¥iiiW^^-ift«kss®JPX* 



/ 
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— HXttfifcftl 0 2 ©36ffi£EIJ§MK 1 1 4llt^tim ±>z!i<E>#?£<D 
»a*»C PiM^l 0 2(DS!TO(CT^^a-X-^^l 4lC«JE^TOnL/T*3<^ 

«W2 0 0Tf®ffiL^b4>{cM-rs^ci:, $R#2 0 0 

tamai sr-i 5 o tat/an e>n. #(c2 ot:~8 o'CjwSKJBu&ns. 

»4©«Jfi^fist^ViTH3 9A^H3 9D*#fliU«:**6aftWr«». Z\(D 
i40Si^}l «M2 0 0 (CBStMS^l 0 2ig7 0 «/&U ^n^tl^b 
S-Brfc«fc, T^^a.x-^Sfel 8-*ftS0#J^ -£-<£>^ «*T2 0 OSWALT, 
7ftHi£4£ 1 2 £S£ 0 ##5 £ fe (DT*$>Z>o 

10 2 S^Atiffit^J^jSfefcJ; D J$fcUfc4fc 10 2 SW^fcS-fr^. 

5F;xX-^g|5 1 4 «3±iBfc«3iKiJ 2 12 SSfcrtrTS. 

^(DWi. Mf2ge*3!l2 1 2 £Sgfc£-fr£jtfTl;:, T^^X-^SKl 8 0— £M«I 
£«#2 0 0±<D&7 0RZm3mm#l 0 2\ZWV^XX. ffiM2 OOiT^^a 
X-**4£l 8£*SWcSfc!rrs#ffl»ffiLfc8k *©*^T»3|«!|2 12$« 

^<Z>&, 03 9D fZ^-Tck 5 2 0 0 SHaj-TS. JKJDI^pjStTf, fi«2 0 0 \Z 

M$tlTt^7 0tI^»l 0 2*ST^^a.X-^»tRl 8\zm&Ztlfcfr 
t£%tfcZ>. VEoTs H3 9At^-r<k5fc» 2 0 0 fctt 7 0 ROTi*«rit# 1 

o 2 sjgjsjrrsiKrtc, «**2 o o i;{»i^.wjji*it^< h tawsb^. ® 

*:<D'&, H3 8AfC*T«k'5K:, 7#3~lX— ^gffil 8±<D^7 0©±®K:tt« 
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thx. 0 3 8Bl^t-J;5li, Hul2ffi*^J2 l QtmifT^mUz, ftHMfcKl 2 

s«i 8t&sv^cfiafi-rs^iRHdinjEUfc^ *<D#t&v&am2 1 outsit 

03 8 ARZfm 3 8 B ©WCtt, 7 0 ©±ffi{Cit&ft2»M 1 2 £ft& 0 frfc* 

y7MJ&m 5 0 &Mfc^»J^fc«k^T»j£LT:J3^ tUfflfflffl 2 10 2:® 
ItZ&ZmiZ, ffiMmi 2§7'*? 1 3.X-*a&Kl 8±©a7 0tffL^TT 

8teSVilCfiSfi-r*^lR»CjPJEEb^, «t©ttSBT?flS»J2 1 0 £®lt£-&T^/& 

04 0 AROT4 OBC^^IC, 3=ir v~mim 5 0 ^tSttfc^K^Tte 
, H3Mftj£#l 0 2 1 2 tOHCD^^y^gS^SJRttifcoT^— Kit" 

fg5©Mi£3ri£K:o^T04 l A~04 l cttmisfeifizmrtrz. Z\(D 

18l:«7 0 4MU Zin&3tJ»ffl[«12t7^^ 1 aLX-^a«[l 8Ste 

04 l A^-TJ;^^ ?£S«l2tf>-5^ M©Hil«bfcMt 
1 0 2S0yA«B8Bj*fefc«kDJgjE3£Lfc^ 04 lBlZ7fc?£?\z, 7? 
?aX-^Iil 8©-3£®©^-&, 7^^iX-^gPl 4jWj£SftWfcl>*B# 
fc«7 O&W^tiBI^JSiJaSfcT^JEatr*. 7^aX-^Stl 8±<»7 
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&&1 8 CDMIBa 7 0 «$nfcit3feiM 1 2 ©AfrSEM^lM*: 10 2 jWje£ 

?nn&LtcxmT~iTvztWT'%z>tctb, mmj&fci 02^70 ichu 

*§^<Z>i^3teS&& 1 2±lc®i»jc#l 0 2*M$C?Z>&o\zVX^2>tLtb, mm 
mim 1 0 2 £Ji*.5 Z\ £#iiIflB£&a. 

n<Dffim\zm%t<Dm i o ^j^ot^?* (c«t o j&a Lfctk ® 4 2 b ic^-r «k 5 1 

, 7^^3.X— 8<D-3£®©5t3, T^^iX-^ffil 4±C1S*I»(R<*:1 
0 2 ^mtim^tefCT^T^. *:<D'&. )B»Sl2J:(Dg7 0©i:I(:gf 
502 1 2£«*ra^j£ftfc«fc^Tife^-r*u Xfi, 7^?al-^SSl 8 CD— £ 
MOSS, 7^fal-^l 4©fc^«B#fcS»SlJ2 1 2&^^3|g^figfet«to 

s« 1 8 ®ffirBEio*#ij$# 102 im&tstutmtftMiMR 1 2 ©MsBa 7 0 

£ft*rffi<h£l£D^b1*Tft#«l 2 £y^a.x-^K4£l 8 fcfcSWcgaaT 
*tm£LL1tnMi!ft5z.£i!>vv$z>ttib* mXM*j$#i 02^70 fcWU 

2 ±(3^7 o*^jEarr*«t'5»cbTVi«»fc«>, a 7 o©ffi££ 
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<5. 

©si 7 ofijgc&ffitt. ^#>a 7 o ^-^(cisw-^nfeT^^^x-^s^ i 8 \zmm 

o 

3Tf. H4 3A^-r«k'5^ T^iX-^ISl 4^©f^K«»©S7 0£ 
-ftfcWTSTi^iX-^SKl 8 0&7^o.X-^14±{CMm#fJ»l 0 

#1 0 2*mfem>m\Z. )tWl2^7^^I-^ISl 8±®=K7 OROf 
W*»fiKflci 0 2 KffbSTT* 1 2 t7^faX-^St 1 8 iSSHfc: 

frfctts?^?!!- \ s*m^z>£.o\zi,T^z>tc#), m ovmftvtik 

Wmm.tm<. Z.ti\zW-^X. 7^^j.x— ^3StEi 8©»Jttd«?S5<^:S 0 ^<Dij£ 
1 8 £^&£*l#:7^^X-^gB 1 4, &tzWSh&2 2 &IWB&7 0 TfftSI 

$S8 0»i6;frffifc:rHvrEI4 4A~BI4 SBS^IL&^SBiWtS.. £CD 
£8 ©8Ufi#8sfck T^^X-^S^ 181:^7 0 £JB/£U K#2 0 0 £IifflMg 
fifcttl 0 1*157^^1-^161 8£«#2 0 0 SflS B ^fr-friJBBE 

Ufc^, «*J 2 0 0 LT, ^2HSl6 1 2 £fl5 0 ttWHOEETZ £ H 3 *> <D~T?h Z> 

o 

iM#10 2$MUci, BI4 4B{C^TJ:5(C, 7"£3~lX— ^g«l 8 03 
•6. tulBT^^iX-^ 1 4£WOfi3ft«iB[Oa7 O&J&fc-T*. 
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#1 .0 2 7^fal-«l 8 ©flWE87 0*^Snfclit 

0 0(Dsmmmm^l 0 2jOTj&Sn&M£&A!iD-&fc-&T, tf2 0 0t 
X^dX-^g^l 8t&2^fc»ifi-r*^lPltlniJEEL/&lfe. *-©#JBT?87 Ot 
10 2 &mitZ-&Z>o 

H4 5At«t«k'5l:, 9&aatR»2 0 0»UTIiM#l 0 2 £7 
^^X-^S4£ i 8 tCfi^Sltfcft, j^^iX-^fcfc 1 8 ±<£>a 7 0 ©±®K: 

s*^j2 1 o^&tfjmjmz.&v'zmrrz. 

^UT, H4 5B^T«fc"5fc, 6^J2 1 OSfigflsS-frSfffc, M«12$ 
7*3~i.X-*3£ffil 8±©87 OfcAPbSTT, Jt»iSE«l 2t7^faX-^l 
«1 8t&S^^wSBfi-r«^|fl»3Jn£Eb^, ■€-OJRflBt?SSBWJ2 1 OSSMfcS-BrT 

£©#&, B3Mftj&#:i 0 2©M<!:S7 0 <Dfc&£ttn^ttf^\s1£3M'Vff 
•5 1 0 2 7 0 KMU cms o^itots^ 

fg 9 ©M&arfefct y^^a.x-^sfe i 8 izm*mj&fc 102 &j&&u &*r 2 0 

0fc87 0 fcTKfcU Z.nt>T9?-a.X.—9W6L 1 8 2 0 0 *flfi 0 -&fc-&JOEE 

£-f. EI 4 6 Afcw-TJ: 5t, ^2 0 00^^ ^©M*£^bfcffliffi£Jin 
©®mtC^7 OSMU&ft, 04 6B(^Tctr>t, T^n-X-^g&l 8 ©£• 
7??-=L2L-?ffil 4±l:B*«fi!i#l 0 2^«-T§o ■€■©£, Jg#2 0 0 fC^iS 

£n7t*S7 o©T®K:a«aa2 i2^jit«tt<};oTitr§. ^«^J2 1 

2\t&7 0©i®Wi<, 7^3.X— ^a&Kl 8©7^^X-^g&l 4£^© 
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-zmfai 8 tssvi»c»ifff s^iRjfciraBEUfc«, -tottis-ciB**^ 1 o 2£ 

1 8 fc<E«-&fc«, T^^a.X-^Sfe 1 8 ±<D& 7 0 ©JiBCgaWJ 2 1 
0 ^(iiKdioTim. 

^LT, H4 7Bt^'r«k'5Jw, 4g*#j2 1 0^<b$i±^M(^ 3fc3fifeRl 2 2: 
7*3^xX-*3^1 8±©^ OKm^TT* 3t«ftfil2t7^aI-^S 
Si 8tSSt^CSBfiT**lR»CiDffib/t^ *©JKffiT?ft*aiJ 2 1 0£®{fc£i*T 

ff 5 c<t}WT?**fc«6, mmffij$&i 02^70 chl, cne>©*f^aeoB** 

0±fc«7 0SJItr5 ( J:5fcl/T^5t«), «7 0 ©i«<^jKfcK3K*.S££a*liI 
B6<i:)&&. b^fe, ®^f$£/&#:i 0 2 0Ml:*^T. OR7 0fc£) » 

, £ ©$ 9 ©*Bfc6r&tt, El 1 3 tC^-Tck o\Z. Xh7< :/sr©ib □ 2 2 0 £ 
^TT 38 7 0 -*\ 014 fc^T <fc -5 {3, ^< >4£©£l 7 0 fcJgjEfcf S#&tdff iS(C^ 

-€-©*£> 048 fcTR'T.k'SK:, 7,f ;kkJ&»S&S«7 0 S««2 0 0 CTLTSctt 
©3EBB35*SfiJfflLTftS0-&t)'a-S. EftEtffctt, H4 6AtStIi 
fctt < £ £ . £ ©#g\ 2 0 0 tCM UTi 7 0 **ifc#©3JIBB# ©*T?3 1 
o#lriTViSWT?**fc», J £<D'&(Dmt2 0 0 ©B&££jg¥K:fT5 d 

o 

©at i o ommjjmit. r^^^x-^ss 1 8 izmmmi&fa 1 o 2 

«sb«2 3 0 jc^is©Tf®sjeaB*2 3 2j&*asw-&*i&ji&:R2 3 4 tmmr^^^ 
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i4 9Bl;^5II, W2 3 0O-WII, ifilBT^^x-^ 
£&1 8fl«^n^>^#^7 0 <i:«$^3^|WIi;i:$tl^^^^2 3 2ifi& 
im&ZtUtm^ 3 4$fflK ft&a2 3 40^^2 3 21fi&tffet[j£m 
t7^faX-^Sil 8 ©t^lOftlftjg&ft: 1 0 2im&Ztl-fcM &ty&X 
» M2 3 4i7^faX-^Sil 8i:*SV»fcSSfi-r*^tttIEEUfc^ ^-© 
«ffiTM5Ji*ric# 1 0 2 £S&n:£-fr£ 0 

i7 0$W5. ^©^, T^^LX-^a&Kl 8±©S7 0©±®fcfigSRf!l2 1 
^LT, H5 0Bt^TJ:5(C, mwm2 1 0 SBWfcSiirSa&K:, 3fc3*ifeKl 2£ 

SKWTfSirirrtitf, ®^«£/»i o 2#tM$nfc7?^x-^gi£i sos&o 

&ffi&2 3 0 HM0l-fe^gW2 3 2**Rtt5ttfcii&*2 3 4 twlt^T?^^ 
&H2 3 4 &flfcD#L&tfe, ffl&m 1 2 fc« 7 0 &Mf&LT, &%M®tii 1 2 t7 
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±fciHMftj$# 102 &Bfm-& e 

*r(D'&. 05 1 B{^-r«t^{C, W2 3 0©-»;, 10837 £^a.X—^ 
Sftl 8K»J«Stl*^*S7 0 t^$^a{^U<i:$nfcTf^^W2 3 3 2*1 
#W^$n^^2 3 4 ^^2 3 40t^W2 3 2im&fetVfc. 

It7^faX-^SSl 8©^«$#Ij£#1 0 2 ^^SStUtiStSIAO 
T, 3 4£7*5vrX— 8££SV>fc^T*#fflfclHIEEL;fc : 8L 

© TOTiS**j£# 1 0 2 ^«$i±-g>o 

<fc ^ Id, 1 2 ©3 ^©W*{^*jSLfclBi0fJsW1-O«Bf »cS 7 0 

LfcM, «»J:©87 0©TjBfc«**f!l2 1 2*M&mMfmiZ&'z>Tm(fr?Z>o 

Sfel8 0fflftBB$#!/$# 10 2 jWBj£$n&® £3fc&afeK 1 2 ©ffifEa 7 0 im& 
artUfeSiSIAO^-a-T, TfrHi&fel 2£7#3 i :xX-*a&Ki 8tSSl»fcfiBfi 

•csuarrntf, m&fftj$# i o 2«$nfc7i'?ax-^s« 1 8 ©5*a£> 

WfB^SW 1 2 fc^=ir y T^fifc/I 5 0 -3 T %>«fc Vs. Z. ©#&, & 7 0 ©i§J £ 

ttfemfemt2 3 2<Dmz<Dm&m%i~tz>z£\z<j:-DT3r*y7'm&&B\zmm.'T 
x\z. mi 2 om^mz-D^xm 5 3 5 4 b &0misfetf<E>mfflTz>o c 

©fgl 2©«J£&ffitt, 7^?aX-^lfil 8 fc«*«|figf*: 1 0 2&MU TO 
*f 2 3 0 \Z$&<DTtm&£ffit 2 3 2 j^Stt €.tlit^ 2 3 4 fcS 7 0 SJBfifcU Z\ 
tt&7*^3.X-*£fcl 8 tfem2 3 4 t&teV&to J &m)£-?Z>Z\£\Z&-?Tm7 
0 0 2©^-&£&j£U ^"©^, teA2 3 4£IfcD^LT. 7^n. 

X-^S«l 8 £8 7 0 £<B9S-frfc&, ^«12^D#^tl^fc©TS 
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m5 3A\ZmT£5iZ* 3 4<DTffim&mt2 3 2jW&£3ft& 

ft&87^©TiBK:gaBSl2 1 2£m&HM&£ckoT^r3. 

T^^o-X— ^Sfel 8<Z*&7^zlX— 4±tCM5(l«J5j5#:i 022: 

i5 3BtSt<kaic, 7£^:xX— 8±©M*l&/i]S#l 0 2£ 
BWfcS-ttSiffc, 74^a.X-*a«l 8(DMiE®^^#l 0 2 #JBfiJS3ttfciS£ 
?&^2 3 4©h5I2^7 0^M$nfeMi:^0-&t)ii-T, ?SJ|2 3 4<hT^zLX 
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Description of correspondent: EP0967507 



TECHNICAL FIELD 



[0001] The present invention relates to a display device which consumes less electric power, and which 
has large screen brightness. In particular, the present invention relates to improvement in the display 
device for displaying a picture image corresponding to an image signal on an optical waveguide plate by 
controlling leakage light at a predetermined position on the optical waveguide plate by controlling the 
displacement action of an actuator element in a direction to make contact or separation with respect to the 
optical waveguide plate in accordance with the attribute of the image signal to be inputted. The present 
invention also relates to a method for producing the display device. 



BACKGROUND ART 



[0002] Those hitherto known as the display device include, for example, cathode ray tubes (CRT) and 
liquid crystal display devices. 

[0003] Those known as the cathode ray tube include, for example, ordinary television receivers and 
monitor units for computers. Although the cathode ray tube has a bright screen, it consumes a large 
amount of electric power. Further, the cathode ray tube involves a problem that the depth of the entire 
display device is large as compared with the size of the screen. 

[0004] On the other hand, the liquid crystal display device is advantageous in that the entire device can be 
miniaturized, and the display device consumes a small amount of electric power. However, the liquid 
crystal display device involves problems that it is inferior in brightness of the screen, and the field angle of 
the screen is narrow. 

[0005] In the case of the cathode ray tube and the liquid crystal display device, it is necessary for a color 
screen to use a number of pixels which is three times a number of pixels used in a black-and-white 
screen. For this reason, other problems occur in that the device itself is complicated, a great deal of 
electric power is consumed, and it is inevitable to cause the increase in cost. 

[0006] In order to solve the problems described above, the present applicant has suggested a novel 
display device (see, for example, Japanese Laid-Open Patent Publication No. 7-287176). As shown in 
FIG. 63, this display device includes actuator elements 400 arranged for respective pixels. Each of the 
actuator elements 400 comprises a main actuator element 408 including a piezoelectric/electrostrictive 
layer 402 and an upper electrode 404 and a lower electrode 406 formed on upper and lower surfaces of 
the piezoelectric/electrostrictive layer 402 respectively, and an actuator substrate 414 including a vibrating 
section 410 and a fixed section 412 disposed under the main actuator element 408. The lower electrode 
406 of the main actuator element 408 contacts with the vibrating section 410. The main actuator element 
408 is supported by the vibrating section 410. 

[0007] The actuator substrate 414 is composed of ceramics in which the vibrating section 410 and the 
fixed section 412 are integrated into one unit. A recess 416 is formed in the actuator substrate 414 so that 
the vibrating section 41 0 is thin-walled. 

[0008] A displacement-transmitting section 420 for obtaining a predetermined size of contact area with 
respect to an optical waveguide plate 418 is connected to the upper electrode 404 of the main actuator 
element 408. In the illustrative display device shown in FIG. 63, the displacement-transmitting section 420 
is arranged such that it is located closely near to the optical waveguide plate 418 in the OFF selection 
state or the NO selection state in which the actuator element 400 stands still, while it contacts with the 
optical waveguide plate 418 in the ON selection state at a distance of not more than the wavelength of the 
light. 

[0009] The light 422 is introduced, for example, from a lateral end of the optical waveguide plate 418. In 
this arrangement, all of the light 422 is totally reflected at the inside of the optical waveguide plate 41 8 
without being transmitted through front and back surfaces thereof by controlling the magnitude of the 
refractive index of the optical waveguide plate 418. In this state, a voltage signal corresponding to an 
attribute of an image signal is selectively applied to the actuator element 400 by the aid of the upper 
electrode 404 and the lower electrode 406 so that the actuator element 400 is allowed to make a variety of 
displacement actions in conformity with the ON selection, the OFF selection, and the NO selection. Thus, 
the displacement-transmitting section 420 is controlled for its contact and separation with respect to the 
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optical waveguide plate 418. Accordingly, the scattered light (leakage light) 424 is controlled at a 
predetermined portion of the optical waveguide plate 418, and a picture image corresponding to the image 
signal is displayed on the optical waveguide plate 418. 

[0010] When a color picture is displayed by using the display device, the following operation is performed. 
That is, for example, light sources for three primary colors are switched to control the light emission time 
for three primary colors, while synchronizing the contact time between the optical waveguide plate and the 
displacement-transmitting plate with the period of color development. Alternatively, the contact time 
between the optical waveguide plate and the displacement-transmitting plate is controlled, while 
synchronizing the light emission time for three primary' colors with the color development period. 

[0011] Therefore, the illustrative display device suggested by the present applicant is advantageous in that 
it is unnecessary to increase the number of pixels as compared with the black-and-white screen, even 
when the display device is applied to the color display system. 

[0012] An object of the present invention is to provide a display device and a method for producing the 
same to exhibit the following effects, by improving the arrangement of the illustrative display device 
suggested by the present applicant, 

(1 ) The clearance (gap) can be easily formed between the optical waveguide plate and the pixel structure, 
and the gap can be formed uniformly for all of the pixels. 

(2) The size of the gap can be easily controlled. 

(3) The adhesion of the pixel structure to the optical waveguide plate can be avoided, and it is possible to 
effectively realize a high response speed. 

(4) The contact surface of the pixel structure (contact surface with respect to the optical waveguide plate) 
can be formed to be smooth so that the light is efficiently introduced into the pixel structure when the 
predetermined pixel structure makes contact with the optical waveguide plate. 

(5) It is possible to ensure the response speed of the pixel. 

(6) It is possible to obtain the uniform brightness for all; of the pixels. 

(7) It is possible to improve the brightness of the pixel. 5 



DISCLOSURE OF THE INVENTION 



[0013] According to the present invention, there is provided a display device comprising an optical 
waveguide plate for introducing light thereinto; an actuator substrate provided opposingly to one plate 
surface of the optical waveguide plate and arranged wjth actuator elements of a number corresponding to 
a large number of pixels; a pixel structure formed on each of the actuator elements of the actuator 
substrate; and a crosspiece formed at a portion other than the pixel structure between the optical 
waveguide plate and the actuator substrate (invention as defined in claim 1). 

[0014] According to the present invention, all of the light, which is introduced, for example, from a lateral 
end of the optical waveguide plate, is totally reflected at the inside of the optical waveguide plate without 
being transmitted through front and back surfaces thereof by controlling the magnitude of the refractive 
index of the optical waveguide plate. In this state, when the displacement-transmitting section approaches 
the optical waveguide plate in accordance with the displacement action of the actuator section, the light, 
which has been subjected to total reflection, is reflected by the pixel structure, and it behaves as scattered 
light. A part of the scattered light is reflected again in the optical waveguide plate. However, almost all of 
the scattered light is transmitted through the front surface of the optical waveguide plate without being 
reflected by the optical waveguide plate. 

[0015] The arrangement described above is illustrative of the case in which the pixel structure is displaced 
in the direction to make approach to the optical waveguide plate in accordance with the displacement 
action of the actuator element. Alternatively, the present invention is also applicable to the case in which 
the pixel structure is displaced in the direction to make separation from the optical waveguide plate in 
accordance with the displacement action of the actuator element. 

[0016] As described above, the presence or absence of light emission (leakage light) at the front surface 
of the optical waveguide plate can be controlled in accordance with the approach and separation of the 
pixel structure disposed at the back of the optical waveguide plate, with respect to the optical waveguide 
plate. In this arrangement, for example, one unit for allowing the pixel structure to make displacement 
action in the direction to make the approach or separation with respect to the optical waveguide plate may 
be regarded as one pixel. A picture image (for example, characters and graphics) corresponding to the 
image signal can be displayed on the front surface of the optical waveguide plate in the same manner as 
in the cathode ray tube and the liquid crystal display device, by arranging a large number of the pixels in a 
matrix form, and controlling the displacement action of each of the pixels in accordance with the attribute 
of the inputted image signal. 
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[0017] When the display device of the present invention is applied to the color display system, the 
following arrangement may be adopted, for example, in relation to the color scheme of the color layers (for 
example, three primary color filters, complementary color filters, or color scattering elements) disposed for 
the pixel structures. That is, for example, one pixel may be constructed by three pixel structures adjacent 
to one another (RGB arrangement) or by four pixel structures adjacent to one another (for example, 
checked arrangement). 

[0018] It is noted that the display device according to the present invention comprises the crosspiece 
formed at the portions other than the pixel structures between the optical waveguide plate and the actuator 
substrate. 

[0019] If the optical waveguide plate and the actuator substrate are fixed by using only the circumferential 
edge of the screen without providing any crosspiece, the vibration occurs in the actuator substrate due to 
the movement of the actuator element. Every time when the vibration occurs, the displacement standard is 
changed. As a result, the ON/OFF operation of the pixel does not correspond to the displacement of the 
actuator element in some cases. 

[0020] However, in the present invention, the crosspiece is provided as described above. Therefore, even 
when a certain actuator element makes displacement action, the vibration thereof is absorbed by the 
crosspiece. Accordingly, no inconvenience occurs, which would otherwise occur such that the 
displacement standard is changed. 

[0021] The support effected for the optical waveguide plate by the plurality of crosspieces formed around 
the pixel structure makes it easy to obtain a uniform gap between the pixel structure and the optical 
waveguide plate for all of the pixels. Further, the size of the gap can be easily controlled by arbitrarily 
changing the height of the crosspiece. As a result, it is possible to obtain a uniform brightness for all of the 
pixels. 

[0022] In the arrangement described above, it is also preferable that the actuator element includes a 
shape-retaining layer, an operating section having at least a pair of electrodes formed on the shape- 
retaining layer, a vibrating section for supporting the operating section, and a fixed section for supporting 
the vibrating section in a vibrating manner (invention as defined in claim 2). 

[0023] In the display device constructed as described above, the term "actuator section including the 
shape-retaining layer" refers to an actuator element which has at least two or more displacement states at 
an identical voltage level. The actuator element having the shape-retaining layer has the following 
features. 

(1) The threshold characteristic concerning the change from the OFF state to the ON state is steep as 
compared with the case in which no shape-retaining layer exists. Accordingly, it is possible to narrow the 
deflection width of the voltage, and it is possible to mitigate the load on the circuit. 

(2) The difference between the ON state and the OFF state is distinct, resulting in improvement in 
contrast. 

(3) The dispersion of threshold value is decreased, and an enough margin is provided for the voltage 
setting range. It is desirable to use, as the actuator element, an actuator element which makes, for 
example, upward displacement (giving the separated state upon no voltage load and giving the contact 
state upon voltage application) because of easiness of control. Especially, it is desirable to use an actuator 
element having a structure including a pair of electrodes on its surface. 

(4) It is preferable to use, for example, a piezoelectric/electrostrictive layer and an anti-ferroelectric layer 
as the shape-retaining layer. 



[0024] In the display device constructed as described above, it is also preferable that the crosspiece is 
secured to the optical waveguide plate (invention as defined in claim 3). Alternatively, it is also preferable 
that a gap-forming layer is provided between the optical waveguide plate and the crosspiece (invention as 
defined in claim 4). When the gap-forming layer is provided, it is easier to obtain a uniform gap between 
the pixel structure and the optical waveguide plate for all of the pixels. The size of the gap can be easily 
controlled as well. 

[0025] The constitutive material for the gap-forming layer includes, for example, metal films, films 
containing carbon black, black pigment, or black dye, and transparent films having low light-scattering 
property. Accordingly, the gap-forming layer is allowed to simultaneously have the function of black matrix. 
Especially, when a metal film composed of, for example, Cr, Al, Ni, or Ag is used as the gap-forming layer, 
the attenuation and the scattering of the light transmitted through the optical waveguide plate can be 
suppressed, because a small amount of light is absorbed thereby. Therefore, such a metal film is used 
especially preferably. 

[0026] When a film containing carbon black, black pigment, or black dye is used as the gap-forming layer, 
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then the light-absorbing performance is excellent, and it is possible to improve the contrast. When a 
transparent film having a poor light-scattering property is used as the gap-forming layer, then the light 
scattering can be suppressed, and the contrast can be enhanced by combining the film with an adhesive 
having an excellent light-absorbing property (or an adhesive having a light-absorbing property enhanced 
by adding black dye or black pigment). 

[0027] The size of the gap-forming layer is set as follows, for example, as exemplified by the case in which 
the actuator element is displaced to be convex toward the optical waveguide plate. That is, the small limit 
(minimum value) of the gap amount is set to be such a degree that the leakage of light caused by the 
evanescent effect upon the OFF state of the pixel can be neglected. The large limit (maximum value) of 
the gap amount is set to be within a range in which the pixel structure can make contact with the optical 
waveguide plate in accordance with the displacement of the actuator element. Therefore, the thickness of 
the gap-forming layer is adjusted so that the gap amount is set to be within the range described above. 
However, the difference in height between the pixel structure and the crosspiece is controllable depending 
on various embodiments of the display device. The thickness of the gap-forming layer may be optimized in 
accordance therewith. 

[0028] In the display device constructed as described above, it is also preferable that the crosspiece is 
formed at portions around four corners of each of the pixel structure (invention as defined in claim 5). The 
term "portions around the four corners of the pixel structure" includes, for example, positions 
corresponding to the respective corners when the pixel structure has, for example, a rectangular or elliptic 
planar configuration. The term refers to a form in which one crosspiece is sheared by the adjoining pixel 
structure. In this arrangement, four crosspieces are formed for one unit of the pixel structure. Accordingly, 
the vibration, which is caused by the displacement action of a certain actuator element, is effectively 
absorbed. As a result, the displacement action of the other actuator elements is scarcely and hardly 
affected thereby. As a result, the correspondence is well improved between the displacement and the ON 
operation/OFF operation for all of the pixels. It is possible to faithfully display a picture image 
corresponding to the inputted image signal. Further, the actuator substrate and the optical waveguide 
plate are tightly secured to one another. 

[0029] It is also preferable that the crosspiece is formed to have a window for surrounding at least one 
pixel structure (invention as defined in claim 6). A representative example is constructed, for example, 
such that the crosspiece itself is formed to have a plate-shaped configuration, and the window (opening) is 
formed at a position corresponding to the pixel structure. Accordingly, an arrangement is achieved, in 
which all side surfaces of the pixel structure are surrounded by the crosspiece. The actuator substrate and 
the optical waveguide plate are secured to one another more tightly. Further, the vibration caused by the 
displacement action of a certain actuator element does not affect the displacement action of the other 
actuator elements at all. 

[0030] It is also preferable that the crosspiece is constructed such that it includes a stripe-shaped opening 
which extends along a direction of an array of the pixel structures and which surrounds the array of the 
pixel structures (invention as defined in claim 7). Alternatively, it is also preferable that the crosspiece is 
formed to have a line-shaped configuration which extends along a direction of an array of the pixel 
structures (invention as defined in claim 8). 

[0031] It is also preferable that the crosspiece is formed integrally with the actuator substrate (invention as 
defined in claim 9). In this arrangement, it is possible to improve the mechanical strength of the portion at 
which the crosspiece is formed. Accordingly, the rigidity of the actuator substrate is increased. As a result, 
the actuator element, which is formed on the actuator substrate, can be protected with the crosspiece, for 
example, when the actuator substrate is carried or stored. The step of hardening the crosspiece can be 
omitted, as compared with the case in which the crosspiece is formed separately. Thus, it is possible to 
reduce the number of production steps. 

[0032] It is also preferable that the crosspiece is constructed by a wire member which extends along a 
direction of an array of the pixel structures (invention as defined in claim 10). 

' [0033] In the display device constructed as described above, it is also preferable that a recess is formed 
on a surface of the pixel structure (invention as defined in claim 1 1). In this arrangement, the number of 
recesses to be formed or the size of the recess is defined depending on the area of the pixel structure 
opposing to the optical waveguide plate. By doing so, it is possible to provide a substantially identical 
contact area with respect to the optical waveguide plate concerning the respective pixel structures. Thus, it 
is possible to obtain a uniform brightness for all of the pixels. The presence of the recess mitigate the tight 
contact between the pixel structure and the optical waveguide plate. Thus, the pixel structure is smoothly 
separated from the optical waveguide plate. As a result, the pixel structure can be prevented from 
adhesion to the optical waveguide plate. Thus, it is possible to effectively realize a high response speed. 

[0034] In the display device constructed as described above, it is also preferable that a step is formed on a 
surface of the pixel structure (invention as defined in claim 12). In this arrangement, the provision of the 
step on the pixel structure makes it possible to obtain a constant area of the portion of the pixel structure 
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to make contact with the optical waveguide plate for all of the pixels. It is possible to obtain a uniform 
brightness for all of the pixels. The presence of the step mitigate the tight contact between the pixel 
structure and the optical waveguide plate. Accordingly, the pixel structure can be prevented from adhesion 
to the optical waveguide plate, and thus it is possible to effectively realize a high response speed. 

[0035] In the display device constructed as described above, it is also preferable that a surface of the pixel 
structure has a concave configuration (invention as defined in claim 13). When the actuator element 
makes displacement, the central portion of the pixel structure tends to have the largest displacement 
amount. Therefore, when the surface of the pixel structure is allowed to have the concave configuration so 
that the central portion of the pixel structure is concave, the surface of the pixel structure is approximately 
flat when the actuator element makes displacement to allow the pixel structure to make contact with the 
optical waveguide plate. Accordingly, it is possible to increase the contact area of the pixel structure with 
respect to the optical waveguide plate. ^ 

[0036] When the depth of the concave curve is increased, a state is given, in which the central portion of 
the pixel structure does not arrive at the optical waveguide plate when the pixel structure makes contact 
with the optical waveguide plate, giving a state in which a recess is formed on the surface of the pixel 
structure in a simulated manner. Accordingly, the tight contact between the pixel structure and the optical 
waveguide plate is mitigated. Thus, the pixel structure is smoothly separated from the optical waveguide 
plate. As a result, the pixel structure can be prevented from adhesion to the optical waveguide plate, and it 
is possible to effectively realize a high response speed. 

[0037] The arrangement in which the recess is formed on the surface of the pixel structure, the 
arrangement in which the step is formed on the surface of the pixel structure, and the arrangement in 
which the surface of the pixel structure has the concave configuration may be realized singly respectively, 
or they may be arbitrarily combined with each other. The combination of them makes it possible to obtain 
the synergistic effect on the basis of the respective arrangements. 

[0038] According to another aspect of the present invention, there is provided a method for producing a 
display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions other 
than actuator elements, of an actuator substrate arranged with the actuator elements corresponding to a 
large number of pixels; a pixel-forming step of forming pixel structures on the respective actuator elements 
on the actuator substrate; and a pressurizing step of laminating and pressurizing an optical waveguide 
plate in a state in which at least the pixel structures are not hardened, and then hardening at least the 
pixel structures (invention as defined in claim 14). 

[0039] It is noted that the state in which the pixel structures are not hardened includes a state in which all 
of stacked films are not hardened, and a state in which a part of films are not hardened, when the pixel 
structure is constructed by a plurality of stacked films (multiple layered structure). 

[0040] In this aspect, it is possible to obtain the precise positional alignment for the pixel structure and the 
crosspiece with respect to the actuator substrate, as well as it is possible to obtain the strong adhesive 
force. Further, the cleanness of the optical waveguide plate can be highly maintained, because the optical 
waveguide plate is finally laminated. 

[0041] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than portions corresponding to a large number of actuator elements, of an optical waveguide plate; a 
pixel-forming step of forming pixel structures at portions corresponding to the large number of pixels, of 
the optical waveguide plate; and a pressurizing step of laminating an actuator substrate arranged with 
actuator elements of a number corresponding to the large number of pixels, on the crosspieces and the 
pixel structures, and pressurizing the optical waveguide plate and the actuator substrate in directions to 
make approach to one another (invention as defined in claim 15). 

[0042] In this method, the pixel structures and the crosspieces are formed on the optical waveguide plate, 
and the actuator substrate is laminated thereon. This method is advantageous in that the area of the pixel 
(contact area with respect to the optical waveguide plate) is easily defined, because the pixel structures 
are directly formed on the optical waveguide plate. Further, it is easy to obtain a uniform brightness for all 
of the pixels. 

[0043] According to still another aspect of the present invention, there is provided a method for producing 

a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 

other than actuator elements, of an actuator substrate arranged with the actuator elements corresponding 

to a large number of pixels; a pixel-forming step of forming pixel structures at portions corresponding to ^ 

the large number of pixels, of an optical waveguide plate; and a pressurizing step of laminating a surface 

of the actuator substrate formed with the crosspieces and a surface of the optical waveguide plate formed 

with the pixel structures with each other, and pressuring the optical waveguide plate and the actuator 

substrate in directions to make approach to one another (invention as defined in claim 16). 
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[0044] In this method, the pixel structures are formed on the optical waveguide plate, and the crosspieces 
are formed on the actuator substrate. After that, the optical waveguide plate and the actuator substrate are 
laminated with each other. 

N 

[0045] In this aspect, the formation of the pixel structures and the formation of the crosspieces can be 
performed in the steps which are independent from each other. Accordingly, the range of material 
selection is widened concerning the pixel structure and the crosspiece. Thus, it is possible to reduce the 
production cost and the number of production steps. Further, the size of the pixel structure can be made 
uniform, because the pixel structures are formed on the optical waveguide plate which has high flatness. 

[0046] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than portions corresponding to a large number of actuator elements, of an optical waveguide plate; a 
pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with the actuator elements of a number corresponding to the large number of pixels; and a 
pressurizing step of laminating a surface of the actuator substrate formed with the pixel structures and a 
surface of the optical waveguide plate formed with the crosspieces with each other, and pressuring the 
optical waveguide plate and the actuator substrate in directions to make approach to one another 
(invention as defined in claim 17). 

[0047] In this method, the crosspieces are formed on the optical waveguide plate, and the pixel structures 
are formed on the actuator substrate. After that, the optical waveguide plate and the actuator substrate are 
laminated with each other. 

[0048] Also in this aspect, the formation of the pixel structures and the formation of the crosspieces can be 
performed in the steps which are independent from each other. Accordingly, the range of material 
selection is widened concerning the pixel structure and the crosspiece. Thus, it is possible to reduce the 
production cost and the number of production steps. Further, the height of the crosspiece can be made 
strictly uniform, because the crosspieces are formed on the optical waveguide plate which has high 
flatness. Furthermore, for example, no obstacle (for example, the crosspiece) exists upon the formation of 
the pixel structure. Therefore, it is possible to accurately form the pixel structure. 

[0049] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels and integrally having a plurality of crosspieces at portions other than the actuator 
elements; and a pressurizing step of laminating and pressurizing an optical waveguide plate in a state in 
which at least the pixel structures are not hardened, and then hardening at least the pixel structures 
(invention as defined in claim 18). 

[0050] In this method, the pixel structures are formed on the actuator substrate which is previously 
provided with the crosspieces in the integrated manner. After that, the optical waveguide plate is laminated 
and pressurized. 

[0051] In this aspect, the actuator substrate, which previously has the crosspieces in the integrated 
manner, is used as the actuator substrate. Therefore, the portion of the crosspiece has high mechanical 
strength. Accordingly, the rigidity of the actuator substrate is increased. As a result, for example, when the 
actuator substrate is carried or stored, the crosspieces can be used to protect the actuator elements 
formed on the actuator substrate. The step of hardening the crosspieces can be omitted, as compared 
with the case in which the crosspieces are separately formed. Thus, it is possible to reduce the number of 
production steps. 

[0052] In the production methods described above, the optical waveguide plate is laminated and 
pressurized in the state in which at least the pixel structures are not hardened. Accordingly, the optical 
waveguide plate presses the crosspieces and the pixel structures toward the actuator substrate during the 
pressurizing process. Thus, a substantially identical surface is formed by the upper surface of the pixel 
structure and the upper surface of the crosspiece when at least the pixel structure is hardened. 

[0053] In this aspect, a material, with which the pixel structure is contracted upon the hardening of the 
pixel structure, is used as the constitutive material for the pixel structure. By doing so, it is possible to form 
a gap between the optical waveguide plate and the pixel structure during the hardening process for the 
crosspiece and the pixel structure. 

[0054] Other methods are available to form the gap. That is, for example, when the optical waveguide 
plate is laminated and pressurized, the pixel structure is heated and expanded, or the actuator element is 
displaced to allow the pixel structure to make contact with the optical waveguide plate. It is also possible to 
adopt a combination of the methods as described above. After that, when the crosspiece and the pixel 
structure are hardened, a constant gap is formed between the pixel structure and the optical waveguide 
plate in accordance with the contraction of the pixel structure or the displacement reset (restoration) of the 
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[0055] Another arrangement is available, in which the pixel structure contacts with the optical waveguide 
plate in the natural state. This arrangement is applicable to a case in which the displacement action of the 
actuator element resides in the displacement of the pixel structure in a direction to make separation from 
the optical waveguide plate. 

[0056] In the production methods described above, it is preferable that the crosspiece is hardened, or the 
crosspiece is partially hardened when the optical waveguide plate is laminated. In this arrangement, the 
crosspiece acts as a spacer to define the distance between the actuator substrate and the optical 
waveguide plate. 

[0057] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than actuator elements, of an actuator substrate arranged with the actuator elements of a number 
corresponding to a large number of pixels; a pixel-forming step of forming pixel structures on the 
respective actuator elements of the actuator substrate; a first laminating step of laminating a plate member 
in a state in which at least the pixel structures are not hardened; a pressurizing step of pressurizing the 
actuator substrate and the plate member in directions to make approach to one another, and then 
hardening at least the pixel structures; and a second laminating step of removing the plate member, and 
then laminating an optical waveguide plate at least on the crosspieces (invention as defined in claim 19). 

[0058] In this method, the plate member is once laminated on the actuator substrate which is formed with 
the pixel structures and the crosspieces to give a substantially identical surface for the respective upper 
surfaces of the pixel structures and the crosspieces. After that, the plate member is removed, and the 
optical waveguide plate is laminated. 

[0059] In this aspect, it is possible to obtain the precise positional alignment and the strong adhesive force 
for the pixel structure and the crosspiece with respect to the actuator substrate. 

[0060] The crosspieces, which have been formed on the actuator substrate, serve as the spacer when the 
plate member is laminated and pressurized on the actuator substrate. Thus, the distance is defined 
between the actuator substrate and the plate member. If the crosspieces are hardened, or if the 
crosspieces are partially hardened when the optical waveguide plate is laminated, the distance defined as 
described above corresponds to the distance between the actuator substrate and the optical waveguide 

[0061] When a smooth plate member is used as the plate member, a smooth surface equivalent to the 
surface of the plate member is formed on the surface of the pixel structure. The excellent smoothness is 
useful to improve the brightness when the pixels cause light emission. It is preferable that a releasing 
agent is applied to the plate member. 

[0062] In the method described above, it is also preferable that only the crosspieces are subjected to 
figuring (crosspiece formation -> figuring hardening) after the formation of the crosspieces on the actuator 
substrate. When the plate member is laminated, it is possible to compensate the portion at which the 
crosspiece does not abut against the plate member, and it is possible to define the height of the 
crosspiece while absorbing the waviness of the actuator substrate. Further, when the pixel structure is 
formed, the pixel structure is simultaneously formed on the crosspiece as well to perform the figuring. Also 
in this arrangement, it is possible to define the height of the crosspiece while absorbing the waviness of 
the actuator substrate. 

[0063] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than portions corresponding to a large number of pixels, of a plate member; a pixel-forming step of 
.forming pixel structures at the portions corresponding to the large number of pixels, of the plate member; a 
first laminating step of laminating an actuator substrate arranged with actuator elements of a number 
corresponding to the large number of pixels on the crosspieces and the pixel structures; a pressurizing 
step of pressurizing the plate member and the actuator substrate in directions to make approach to one 
another; and a second laminating step of removing the plate member to transfer the crosspieces and the 
pixel structures to the actuator substrate, and then laminating an optical waveguide plate on at least the 
crosspieces (invention as defined in claim 20). 

[0064] In this method, the pixel structures and the crosspieces are formed on the plate member. After 
hardening them respectively, or without hardening them, the actuator substrate is laminated. 
Subsequently, the plate member is removed, and the optical waveguide plate is laminated. 

[0065] In this aspect, for example, it is preferable that a releasing agent is applied to. the plate member 
before the crosspieces and the pixel structures are formed on the plate member. By doing so, it is possible 
to smoothly transfer the pixel structures and the crosspieces to the actuator substrate. 
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[0066] In the present invention, when the actuator substrate is laminated and pressurized on the plate 
member formed with the crosspieces and the pixel structures, the crosspieces, which have been formed 
on the plate member, serve as the spacer to define the distance between the actuator substrate and the 
plate member. When the crosspieces are hardened or partially hardened upon the formation of the 
crosspieces on the plate member, the defined distance corresponds to the distance between the actuator 
substrate and the optical waveguide plate. 

[0067] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than actuator elements, of an actuator substrate arranged with the actuator elements of a number 
corresponding to a large number of pixels; a pixel-forming step of forming pixel structures at portions 
corresponding to the large number of pixels, of a plate member; a first laminating step of laminating a 
surface of the actuator substrate formed with the crosspieces and a surface of the plate member formed 
with the pixel structures with each other; a pressurizing step of pressurizing the plate member and the 
actuator substrate in directions to make approach to one another; and a second laminating step of 
removing the plate member to transfer the pixel structures to the actuator substrate, and then laminating 
an optical waveguide plate on at least the crosspieces (invention as defined in claim 21). 

[0068] In this method, the crosspieces are formed on the actuator substrate, and the pixel structures are 
formed on the plate member. The actuator substrate and the plate member are laminated with each other. 
After that, the plate member is removed, and the optical waveguide plate is laminated. 

[0069] In this aspect, the formation of the pixel structures and the formation of the crosspieces can be 
performed in the independent steps respectively. Accordingly, the range of material selection is widened 
concerning the pixel structure and the crosspiece. Thus, it is possible to reduce the production cost and 
the number of production steps. Further, the size of the pixel structure can be made uniform, because the 
pixel structures are formed on the plate member which has high flatness. 

[0070] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels; a crosspiece-forming step of forming a plurality of crosspieces at portions other 
than portions corresponding to the large number of pixels, of a plate member; a first laminating step of 
laminating a surface of the actuator substrate formed with the pixel structures and a surface of the plate 
member formed with the crosspieces with each other; a pressurizing step of pressurizing the plate 
member and the actuator substrate in directions to make approach to one another; and a second 
laminating step of removing the plate member to transfer the crosspieces to the actuator substrate, and 
then laminating an optical waveguide plate on at least the crosspieces (invention as defined in claim 22). 

[0071] In this method, the pixel structures are formed on the actuator substrate, and the crosspieces are 
formed on the plate member. The actuator substrate and the plate member are laminated with each other. 
After that, the plate member is removed, and the optical waveguide plate is laminated. 

[0072] Also in this aspect, the formation of the pixel structures and the formation of the crosspieces can be 
performed in the independent steps respectively. Accordingly, the range of material selection is widened 
concerning the pixel structure and the crosspiece. Thus, it is possible to reduce the production cost and 
the number of production steps. Further, the height of the crosspiece can be made strictly uniform, 
because the crosspieces are formed on the plate member which has high flatness. Furthermore, no 
obstacle (for example, the crosspiece) exists upon the formation of the pixel structure. Therefore, it is 
possible to accurately form the pixel structure. 

[0073] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels and integrally having a plurality of crosspieces at portions other than the actuator 
elements; a first laminating step of laminating a plate member in a state in which at least the pixel 
structures are not hardened; a pressurizing step of pressurizing the actuator substrate and the plate 
member in directions to make approach to one another, and then hardening at least the pixel structures; 
and a second laminating step of removing the plate member, and then laminating an optical waveguide 
plate on at least the crosspieces (invention as defined in claim 23). 

[0074] In this method, the pixel structures are formed on the actuator substrate which integrally has the 
crosspieces. Subsequently, the plate member is laminated on the actuator substrate. After that, the plate 
member is removed, and the optical waveguide plate is laminated. 

[0075] In this aspect, the mechanical strength of the portion of the crosspiece is high, because the 
actuator substrate previously having the crosspieces in the integrated manner is used as the actuator 
substrate. Accordingly, the rigidity of the actuator substrate is increased. As a result, the actuator element, 
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which is formed on the actuator substrate, can be protected with the crosspiece, for example, when the 
actuator substrate is carried or stored. The step of hardening the crosspiece can be omitted, as compared 
with the case in which the crosspiece is separately formed. Thus, it is possible to reduce the number of 
production steps. 

[0076] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels; a first laminating step of using a jig including, on one surface of a plate member, a 
large number of size-defining members formed to have substantially the same height as that of 
crosspieces to be formed on the actuator substrate to laminate a surface of the jig formed with the size- 
defining members and a surface of the actuator substrate formed with the pixel structures with each other; 
a pressurizing step of pressurizing the jig and the actuator substrate in directions to make approach to one 
another; a crosspiece-forming step of removing the jig, and then forming the plurality of crosspieces at 
portions other than the actuator sections, of the actuator substrate; and a second laminating step of 
laminating an optical waveguide plate on at least the crosspieces on the actuator substrate (invention as 
defined in claim 24). 

[0077] In this method, the pixel structures are formed on the actuator substrate. Subsequently, the jig 
including the large number of size-defining members formed on the plate member and the actuator 
substrate are laminated and pressurized, and thus the size of the pixel structures is defined. After that, the 
jig is removed, the crosspieces are formed on the actuator substrate, and then the optical waveguide plate 
is laminated. 

[0078] In this aspect, for example, when the jig is constructed by a member having rigidity such as metal, 
the waviness of the actuator substrate formed with the pixel structures can be reduced by laminating and 
pressurizing the jig and the actuator substrate. The crosspieces can be formed highly accurately in the 
crosspiece-forming step performed thereafter. 

[0079] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels; a first laminating step of using a jig including, on one surface of a plate member, a 
large number of size-defining members formed to have substantially the same height as that of 
crosspieces to be formed on the actuator substrate to laminate a surface of the jig formed with the size- 
defining members and a surface of the actuator substrate formed with the pixel structures with each other; 
a pressurizing step of pressurizing the jig and the actuator substrate in directions to make approach to one 
another; a crosspiece-forming step of removing the jig, and then forming the plurality of crosspieces at 
portions other than portions corresponding to the large number of pixels, of an optical waveguide plate; 
and a second laminating step of laminating a surface of the actuator substrate formed with the pixel 
structures and a surface of the optical waveguide plate formed with the crosspieces with each other 
(invention as defined in claim 25). 

[0080] in this method, the pixel structures are formed on the actuator substrate. Subsequently, the jig 
including the plate member provided with the large number of size-defining members and the actuator 
substrate are laminated with each other to pressurize them. Thus, the size of the pixel structures is 
defined. After the jig is removed, the crosspieces are formed on the optical waveguide plate, and the 
optical waveguide plate and the actuator substrate are laminated with each other. 

[0081] Also in this aspect, for example, when the jig is constructed by a member having rigidity such as 
metal, the waviness of the actuator substrate formed with the pixel structures can be reduced by 
laminating and pressurizing the jig and the actuator substrate. The optical waveguide plate can be 
laminated highly accurately thereafter. Further, the height of the crosspiece can be made strictly uniform, 
because the crosspieces are formed on the optical waveguide plate which has high flatness. 

[0082] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a pixel-forming step of forming pixel structures on respective actuator 
elements of an actuator substrate arranged with the actuator elements of a number corresponding to a 
large number of pixels; a crosspiece-forming step of using a jig including, on one surface of a plate 
member, a large number of size-defining members formed to have substantially the same height as that of 
crosspieces to be formed on the actuator substrate to form the plurality of crosspieces at portions formed 
with no size-defining member, of a surface of the jig formed with the size-defining members, the portions 
being other than portions corresponding to the large number of pixels; a first laminating step of laminating 
the surface of the jig formed with the size-defining members and the crosspieces. and a surface of the 
actuator substrate formed with the pixel structures with each other; a pressurizing step of pressurizing the 
jig and the actuator substrate in directions to make approach to one another; and a second laminating step 
of removing the jig to transfer the crosspieces to the actuator substrate, and then laminating an optical 
waveguide plate on at least the crosspieces on the actuator substrate (invention as defined in claim 26). 
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[0083] In this method, the pixel structures are formed on the actuator substrate, and the crosspieces are 
formed on the jig including the plate member provided with the large number of size-defining members. 
The actuator substrate and the jig are laminated with each other to pressurize them. Thus, the size of the 
pixel structures is defined. After that, the jig is removed, the crosspieces are transferred to the actuator 
substrate, and the optical waveguide plate is laminated. 

[0084] Also in this aspect, for example, when the jig is constructed by a member having rigidity such as 
metal, the waviness of the actuator substrate formed with the pixel structures can be reduced by 
laminating and pressurizing the jig and the actuator substrate. The crosspieces and the pixel structures 
can be formed highly accurately. 

[0085] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than actuator elements, of an actuator substrate arranged with the actuator elements of a number 
corresponding to a large number of pixels; a pixel-forming step of forming pixel structures on the 
respective actuator elements of the actuator substrate; a first laminating step of using a jig including, on 
one surface of a plate member, a large number of size-defining members formed to have substantially the 
same height as that of the crosspieces to be formed on the actuator substrate to laminate a surface of the 
jig formed with the size-defining members and a surface of the actuator substrate formed with the 
crosspieces and the pixel structures with each other; a pressurizing step of pressurizing the jig and the 
actuator substrate in directions to make approach to one another; and a second laminating step of 
removing the jig, and then laminating an optical waveguide plate on at least the crosspieces on the 
actuator substrate (invention as defined in claim 27). 

[0086] in this method, the pixel structures and crosspieces are formed on the actuator substrate. The 
actuator substrate and the jig including the plate member provided with the large number of size-defining 
members are laminated with each other to pressurize them. Thus, the size of the crosspieces and the 
pixel structures is defined. After that, the jig is removed, and the optical waveguide plate is laminated. 

[0087] Also in this aspect, for example, when the jig is constructed by a member having rigidity such as 
metal, the waviness of the actuator substrate formed with the pixel structures and the crosspieces can be 
reduced by laminating and pressurizing the jig and the actuator substrate. The crosspieces and the pixel 
structures can be formed highly accurately. 

[0088] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of forming a plurality of crosspieces at portions 
other than actuator elements, of an actuator substrate arranged with the actuator elements of a number 
corresponding to a large number of pixels; a pixel-forming step of using a jig including, on one surface of a 
plate member, a large number of size-defining members formed to have substantially the same height as 
that of the crosspieces to be formed on the actuator substrate to form pixel structures at portions 
corresponding to the large number of pixels, the portions being formed with no size-defining member, of a 
surface of the jig formed with the size-defining members; a first laminating step of laminating the surface of 
the jig formed with the size-defining members and the pixel structures and a surface of the actuator 
substrate formed with the crosspieces with each other; a pressurizing step of pressurizing the jig and the 
actuator substrate in directions to make approach to one another; and a second laminating step of 
removing the jig to transfer the pixel structures to the actuator substrate, and then laminating an optical 
waveguide plate on at least the crosspieces on the actuator substrate (invention as defined in claim 28). 

[0089] In this method, the crosspieces are formed on the actuator substrate. The pixel structures are 
formed on the jig including the plate member provided with the large number of size-defining members. 
The actuator substrate and the jig are laminated with each other to pressurize them. Thus, the size of the 
crosspieces and the pixel structures is defined. After that, the jig is removed, the pixel structures are 
transferred to the actuator substrate, and then the optical waveguide plate is laminated. 

[0090] Also in this aspect, for example, when the jig is constructed by a member having rigidity such as 
metal, the waviness of the actuator substrate formed with the pixel structures can be reduced by 
laminating and pressurizing the jig and the actuator substrate. The crosspieces and the pixel structures 
can be formed highly accurately. 

[0091] According to still another aspect of the present invention, there is provided a method for producing 
a display device, comprising a crosspiece-forming step of using a jig including, on one surface of a plate 
member, a large number of size-defining members formed to have substantially the same height as that of 
crosspieces to be formed on an actuator substrate to form the plurality of crosspieces at portions formed 
with no size-defining member, of a surface of the jig formed with the size-defining members, the portions 
being other than portions corresponding to a large number of pixels; a pixel-forming step of forming pixel 
structures at portions corresponding to the large number of pixels, the portions being formed with no size- 
defining member, of the surface of the jig formed with the size-defining members; a first laminating step of 
laminating the actuator substrate arranged with actuator elements of a number corresponding to the large 
number of pixels on the crosspieces and the pixel structures on the jig; a pressurizing step of pressurizing 
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the jig and the actuator substrate in directions to make approach to one another; and a second laminating 
step of removing the jig to transfer the crosspieces and the pixel structures to the actuator substrate, and 
then laminating an optical waveguide plate on at least the crosspieces (invention as defined in claim' 29). 

[0092] In this method, the crosspieces and the pixel structures are formed on the jig including the plate 
member formed with the large number of size-defining members. The jig and the actuator substrate are 
laminated with each other to pressurize them. Thus, the size of the crosspieces and the pixel structures is 
defined. After that, the jig is removed, the crosspieces and the pixel structures are transferred to the 
actuator substrate, and the optical waveguide plate is laminated. 

[0093] Also in this aspect, for example, when the jig is constructed by a member having rigidity such as 
metal, the waviness of the actuator substrate can be reduced by laminating and pressurizing the jig and 
the actuator substrate. The crosspieces and the pixel structures can be transferred to the actuator 
substrate highly accurately. 

[0094] In the production methods in which the crosspieces are formed on the plate member or the jig, of 
the production methods described above, it is also preferable that the members for constructing the 
crosspieces are laminated on the plate member or the jig by utilizing surface tension of liquid (invention as 
defined in claim 30). In this arrangement, the plate member or the jig can be easily removed thereafter. 

[0095] In the production methods in which the crosspieces are formed on the plate member or the jig, of 
the production methods described above, it is also preferable that the crosspieces are formed at the 
concerning portions of the plate member or the jig, and then the crosspieces are hardened (invention as 
defined in claim 31). 

[0096] It is also preferable that in the pressurizing step of the production methods described above, at 
least the pixel structures are hardened while pressurizing the actuator substrate and the member to be 
pressurized together with the actuator substrate (invention as defined in claim 32). It is also preferable that 
the optical waveguide plate includes a gap-forming layer at a portion corresponding to the crosspiece 
(invention as defined in claim 33). 

[0097] In the methods described above, it is also preferable that a gap-forming layer is previously formed 
on the crosspiece before laminating the optical waveguide plate (invention as defined in claim 34). In this 
arrangement, the presence of the gap-forming layer makes it easier to obtain a uniform gap between the 
pixel structure and the optical waveguide plate for all of the pixels. The size of the gap can be easily 
controlled as well. ; 

[0098] When the optical waveguide plate, the plate member, or the jig is laminated and pressurized in the 
state in which at least the pixel structures are not hardened upon the lamination of the plate member or 
the jig and the actuator substrate or upon the lamination of the optical waveguide plate and the actuator 
substrate, the optical waveguide plate, the plate member, or the jig presses the crosspieces and the pixel 
structures toward the actuator substrate during the pressurizing process. The upper surface of the 
crosspiece and the upper surface of the pixel structure form a substantially identical surface at least when 
the pixel structures are hardened. 

[0099] In this arrangement, a material, with which the pixel structure is contracted upon the hardening of 
the pixel structure, is used as the constitutive material for the pixel structure. By doing so, it is possible to 
form a gap between the pixel structure and the optical waveguide plate during the hardening of the 
crosspiece and the pixel structure. 

[0100] Other methods are available to form the gap. That is, for example, when the optical waveguide 
plate is laminated and pressurized, the pixel structure is heated and expanded, or the actuator element is 
displaced to allow the pixel structure to make contact with the optical waveguide plate. It is also possible to 
adopt a combination of the methods as described above. After that, when the crosspiece and the pixel 
structure are hardened, a constant gap is formed between the pixel structure and the optical waveguide 
plate in accordance with the contraction of the pixel structure or the displacement reset (restoration) of the 
actuator element. 

[0101] Another arrangement is available, in which the pixel structure contacts with the optical waveguide 
plate in the natural state. This arrangement is applicable to a case in which the displacement action of the 
actuator element resides in displacement in a direction in which the pixel structure is separated from the 
optical waveguide plate. 

[0102] In the production methods described above, it is preferable that the crosspiece is hardened, or the 
crosspiece is partially hardened when the plate member or the optical waveguide plate is laminated on the 
actuator substrate. In this arrangement, the crosspiece acts as a spacer to define the distance between 
the actuator substrate and the plate member or the optical waveguide plate. 

[0103] It is also preferable that when the actuator substrate and the member (the optical waveguide plate, 
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the plate member, or the jig) to be pressurized together with the actuator substrate are pressurized, a 
preliminary treatment is performed for gap formation, and a predetermined gap is formed between the 
pixel structure and the optical waveguide plate during the hardening of at least the pixel structures 
performed thereafter (invention as defined in claim 35). 

[0104] This arrangement resides in the method having been already explained. That is, when the optical 
waveguide plate, the plate member, or the jig is laminated and pressurized, the pixel structure is heated 
and expanded, or the actuator element is displaced to allow the pixel structure to make contact with the 
optical waveguide plate, the plate member, or the jig. When this method is adopted, it is easy to form a 
constant gap between the pixel structures and the optical waveguide plate. It is possible to obtain a 
uniform brightness for all of the pixels. 

[0105] Especially, it is preferable that a vacuum packaging method is used to pressurize the actuator 
substrate and the member (the optical waveguide plate, the plate member, or the jig) to be pressurized 
together with the actuator substrate (invention as defined in claim 36). That is, for example, even when the 
actuator substrate involves warpage and waviness, it is possible to uniformly pressurize the actuator 
substrate and the optical waveguide plate, the plate member, or the jig. Accordingly, the optical waveguide 
plate, the plate member, or the jig and the actuator substrate are adopted to one another. Therefore, when 
the optical waveguide plate is laminated, a constant gap can be finally formed between all of the pixel 
structures and the optical waveguide plate. 

[0106] If the thickness is dispersed among the pixel structures, the displacement (displacement amount) of 
the actuator element after the formation of the pixel is greatly dispersed. However, according to this 
method, the thickness is uniformly formed for all of the pixel structures. Therefore, it is possible to 
suppress such dispersion in displacement (displacement amount) of the actuator element. 

[0107] Owing to the fact that the dispersion scarcely occurs in the thickness of the pixel structure, there is 
no dispersion in deformation of the pixel structure caused by thermal expansion or contraction. It is 
advantageous that the dispersion hardly appears in gap amount even when any heat is exerted. 

[0108] It is also preferable that a low pressure press method is used to pressurize the actuator substrate 
and the member (the optical waveguide plate, the plate member, or the jig) to be pressurized together with 
the actuator substrate (invention as defined in claim 37). In this arrangement, it is possible to decrease the 
stress applied to the actuator substrate. Therefore, it is possible to avoid any damage or the like of the 
actuator element. Further, little deformation occurs in the actuator substrate and the optical waveguide 
plate due to the lamination, and the residual stress is small. Accordingly, it is possible to improve the 
stability and the durability of the gap. 

[0109] In the methods described above, it is also preferable that the member (the plate member or the jig), 
which is used to be laminated on the actuator substrate in the first laminating step, has a projection at a 
portion corresponding to each of the pixel structures, and a recess corresponding to the projection is 
formed on the surface of the pixel structure when the plate member or the jig and the actuator substrate 
are pressurized (invention as defined in claim 38). 

[01 10] In the methods described above, it is also preferable that the member (the plate member or the jig), 
which is used to be laminated on the actuator substrate in the first laminating step, has a projection at a 
portion corresponding to each of the pixel structures, and a step corresponding to the projection is formed 
on the surface of the pixel structure when the plate member or the jig and the actuator substrate are 
pressurized (invention as defined in claim 39). 

[01 1 1] In the methods described above, it is also preferable that the member (the plate member or the jig), 
which is used to be laminated on the actuator substrate in the first laminating step, has a convex 
configuration formed at a portion corresponding to each of the pixel structures, and a concave 
configuration corresponding to the convex configuration is formed on the surface of the pixel structure 
when the plate member or the jig and the actuator substrate are pressurized (invention as defined in claim 
40). 

[01 12] The crosspiece and the pixel structure may be formed by using the film formation method and the 
ceramic sintering method. The film formation method includes the thick film formation method such as the 
screen printing, the photolithography method, the film lamination method, the spray dipping, the 
application, and the stamping (the method for placing a liquid material as if a stamp is put); and the thin 
film formation method such as the ion beam, the sputtering, the vacuum evaporation, the ion plating, CVD, 
and the plating. 

[01 13] The plate member having the projection on the surface is used in the method for forming the recess 
and the step on the surface of the pixel structure. For this purpose, it is preferable to use a method in 
which a metal film or a resist film is formed by the general thin film formation method on a plate member 
composed of glass. This method is advantageous in that the pattern and the height of the projection can 
be arbitrarily changed. It is preferable that the height of the projection is about 0.1 to 2 mu m. 
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[01 14] Other methods are available to form the recess or the step on the surface of the pixel structure. It is 
possible to use the plane polishing and the laser beam-based surface processing for the surface of the 
pixel structure. The laser processing is not directed to the formation of the recess, but it also has an effect 
of surface improvement by means of heating. Further, it is possible to arbitrarily design the processing 
pattern. Therefore, the laser processing is used especially preferably. 

[01 1 5] The method for forming the concave configuration of the surface of the pixel structure includes a 
method of heating and a method in which a voltage is applied to the actuator element during the hardening 
of the pixel structure. There are a method in which heating is effected during the figuring hardening with 
the plate member, and a method in which heating is effected after removing the plate member. It is 
possible to select the method depending on the material quality of the pixel structure. The usable heating 
temperature is 15 DEG C to 150 DEG C. Especially, a temperature of 20 DEG C to 80 DEG C is 
preferably used. 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 shows an arrangement illustrating a display device according to a first embodiment; 
FIG. 2 shows a first illustrative arrangement of the actuator element and the pixel structure; 
FIG. 3 shows an example of the planar configuration of a pair of electrodes formed on the actuator 
element; 

FIG. 4A illustrates an example in which comb teeth of the pair of electrodes are arranged along the major 
axis of the shape-retaining layer; 
FIG. 4B illustrates another example; 

FIG. 5A illustrates an example in which comb teeth of the pair of electrodes are arranged along the minor 
axis of the shape-retaining layer; 
FIG. 5B illustrates another example; 

FIG. 6 shows an arrangement illustrating another example of the pair of electrodes formed on the actuator 
element; 

FIG. 7 shows an arrangement illustrating the display device when the actuator element is subjected to the 

bending displacement in the second direction to be convex toward the hollow space; 

FIG. 8 shows a second illustrative arrangement of the actuator element and the pixel structure; 

FIG. 9 shows a third illustrative arrangement of the actuator element and the pixel structure; 

FIG. 10 shows a fourth illustrative arrangement of the actuator element and the pixel structure; 

FIG. 1 1 illustrates an arrangement in which the crosspieces are formed at portions around four corners of 

the pixel structures respectively; 

FIG. 12 illustrates an arrangement of the crosspiece concerning a first modified embodiment; 

FIG. 13 illustrates an arrangement of the crosspiece concerning a second modified embodiment; 

FIG. 14 illustrates an arrangement of the crosspiece concerning a third modified embodiment; 

FIG. 15 illustrates an arrangement of the crosspiece concerning a fourth modified embodiment; 

FIG. 16 illustrates an arrangement of the crosspiece concerning a fifth modified embodiment; 

FIG. 17 shows the displacement characteristic of the actuator element to explain the gradation control 

based on the voltage modulation system; 

FIG. 18 illustrate the dot area and the contact state of the pixel and the principle of the gradation control 
based on the evanescent effect; 

FIG. 19 shows an arrangement illustrating a display device according to a second embodiment; 

FIG. 20 shows an arrangement illustrating a modified embodiment of the display device according to a 

second embodiment; 

FIG. 21 shows an arrangement illustrating a display device according to a third embodiment; 

FIG. 22 shows an arrangement illustrating a display device according to a fourth embodiment; 

FIG. 23 shows an arrangement illustrating a display device according to a fifth embodiment; 

FIG. 24 shows an arrangement illustrating a display device according to a sixth embodiment; 

FIG. 25 shows a perspective view illustrating a large screen display apparatus based on the display device 

according to the first to sixth embodiments, as viewed from the back side; 

FIGS. 26A to 26C show producticm steps illustrating a first production method; 

FIGS. 27A to 27C show production steps illustrating a first method of photolithography; 

FIGS. 28A to 28C show production steps illustrating a second method of photolithography; 

FIG. 29 illustrates a film lamination method; 

FIG. 30 illustrates a vacuum packaging method; 

FIG. 31 illustrates a low pressure press method; 

FIGS. 32A to 32D show production steps illustrating a second production method; 

FIGS. 33A to 33D show production steps illustrating a third production method; 

FIG. 34 illustrates a state in which a plate member having projections is used to form a plurality of 

recesses on the pixel structure; 

FIG. 35 illustrates a state in which a plate member having a projection is used to form a step on the pixel 
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structure; 

FIG. 36 illustrates a state in which a plate member having a convex configuration is used to form a 
concave configuration on the pixel structure; 

FIG. 37 illustrates a state in which a plate member having projections is used to form the upper end of the 
pixel structure which is higher than the upper end of the crosspiece; 

FIGS. 38A to 38B show production steps illustrating an example in which the optical waveguide plate is 
directly laminated on the upper surfaces of the crosspieces, concerning the third and fourth production 
methods; 

FIGS. 39A to 39D show production steps illustrating the fourth production method; 

FIGS. 40A to 40B show production steps illustrating an example in which the optical waveguide plate is 

laminated on the upper surfaces of the crosspieces after forming the gap-forming layer on the optical 

waveguide plate, concerning the third and fourth production methods; 

FIGS. 41A to 41C show production steps illustrating a fifth production method; 

FIGS. 42A to 42C show production steps illustrating a sixth production method; 

FIGS. 43A and 43B show production steps illustrating a seventh production method; 

FIGS. 44A to 44C show production steps illustrating an eighth production method (No. 1); 

FIGS. 45A and 45B show production steps illustrating the eighth production method (No. 2); 

FIGS. 46A to 46C show production steps illustrating a ninth production method (No. 1); 

FIGS. 46A and 46B show production steps illustrating the ninth production method (No. 2); 

FIG. 48 illustrates a state in which the crosspieces composed of the film are laminated on the plate 

member by utilizing the surface tension of the liquid (for example, water); 

FIGS. 49A to 49C show production steps illustrating a tenth production method (No. 1); 

FIGS. 50A and 50B show production steps illustrating the tenth production method (No. 2); 

FIGS. 51A to 51C show production steps illustrating an eleventh production method (No. 1); 

FIGS. 52A and 52B show production steps illustrating the eleventh production method (No. 2); 

FIGS. 53A to 53C show production steps illustrating a twelfth production method (No. 1); 

FIGS. 54A and 54B show production steps illustrating the twelfth production method (No. 2); 

FIGS. 55A to 55C show production steps illustrating a thirteenth production method (No. 1); 

FIGS. 56A and 56B show production steps illustrating the thirteenth production method (No. 2); 

FIGS. 57A to 57C show production steps illustrating a fourteenth production method (No. 1); 

FIGS. 58A and 58B show production steps illustrating the fourteenth production method (No. 2); 

FIGS. 59A to 59C show production steps illustrating a fifteenth production method (No. 1); 

FIGS. 60A and 60B show production steps illustrating the fifteenth production method (No. 2); 

FIGS. 61 A to 61 C show production steps illustrating a sixteenth production method (No. 1); 

FIGS. 62A and 62B show production steps illustrating the sixteenth production method (No. 2); and 

FIG. 63 shows an arrangement of the display device concerning the illustrative example suggested by the 

present applicant. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0117] Several illustrative embodiments of the display device and the method for producing the display 
device according to the present invention will be explained below with reference to FIGS. 1 to 62B. 

[01 18] As shown in FIG. 1, a display device Da according to the first embodiment comprises an optical 
waveguide plate 12 for introducing light 10 from a light source 100 thereinto, and a driving section 16 
provided opposingly to the back surface of the optical waveguide plate 12 and including a large number of 
actuator elements 14 which are arranged corresponding to pixels in a matrix configuration or in a zigzag 
configuration. 

[0119] A pixel structure 102 is stacked on each of the actuator elements 14. The pixel structure 102 
functions to increase the contact area with respect to the optical waveguide plate 12 so that the area 
corresponding to the pixel is obtained. 

[0120] The driving section 16 includes an actuator substrate 18 composed of, for example, ceramics. The 
actuator elements 14 are arranged at positions corresponding to the respective pixels on the actuator 
substrate 18. The actuator substrate 18 has its first principal surface which is arranged to oppose to the 
back surface of the optical waveguide plate 12. The first principal surface is a continuous surface (flushed 
surface). Hollow spaces 20 for forming respective vibrating sections as described later on are provided at 
positions corresponding to the respective pixels at the inside of the actuator substrate 18. The respective 
hollow spaces 20 communicate with the outside via through-holes 18a each having a small diameter and 
provided at a second principal surface of the actuator substrate 18. 

[0121] The portion of the actuator substrate 18, at which the hollow space 20 is formed, is thin-walled. The 
other portion of the actuator substrate 18 is thick-walled. The thin-walled portion has a structure which 
tends to undergo vibration in response to external stress, and it functions as a vibrating section 22. The 
portion other than the hollow space 20 is thick-walled, and it functions as a fixed section 24 for supporting 
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[0122] That is, the actuator substrate 18 has a stacked structure comprising a substrate layer 18A as a 
lowermost layer, a spacer layer 18B as an intermediate layer, and a thin plate layer 18C as an uppermost 
layer. The actuator substrate 18 can be recognized as an integrated structure including the hollow spaces 
20 formed at the positions in the spacer layer 18B corresponding to the pixels. The substrate layer 18A 
functions as a substrate for reinforcement, as well as it functions as a substrate for wiring. The actuator 
substrate 18 may be sintered in an integrated manner, or it may be additionally attached. 

[0123] Specified embodiments of the actuator element 14 and the pixel structure 102 will now be 
explained with reference to FIGS. 2 to 10. The embodiments shown in FIGS. 2 to 10 are illustrative of the 
structure in which the gap-forming layer 50 is formed between the crosspieces 70 and the optical 
waveguide plate 12 as described later on. 

[0124] At first, as shown in FIG. 2, each of the actuator elements 14 comprises the vibrating section 22 
and the fixed section 24 described above, as well as a shape-retaining layer 26 composed of, for example, 
a piezoelectric/electrostrictive layer or an anti-ferroelectric layer directly formed on the vibrating section 22, 
and a pair of electrodes 28 (a row electrode 28a and a column electrode 28b) formed on an upper surface 
of the shape-retaining layer 26. 

[0125] The pair of electrodes 28 may have a structure in which they are formed on upper and lower sides 
of the shape-retaining layer 26, or they are formed on only one side of the shape-retaining layer 26. 
However, in order to advantageously joint the actuator substrate 18 and the shape-retaining layer 26, it is 
preferable that the pair of electrodes 28 are formed only on the upper side (the side opposite to the 
actuator substrate 18) of the shape-retaining layer 26 so that the actuator substrate 18 directly contacts 
with the shape-retaining layer 26 without any difference in height, as in this embodiment. 

[0126] The planar configuration of the pair of electrodes 28 may be a shape in which a large number of 
comb teeth are opposed to one another in a complementary manner as shown in FIG. 3. Alternatively, it is 
possible to adopt, for example, the spiral configuration and the branched configuration as disclosed in 
Japanese Laid-Open Patent Publication No. 10-78549 as well. 

[0127] When the planar configuration of the shape-retaining layer 26 is, for example, an elliptic 
configuration, and the pair of electrodes 28 are formed to have a comb teeth-shaped configuration, then it 
is possible to use, for example, a form in which the comb teeth of the pair of electrodes 28 are arranged 
along the major axis of the shape-retaining layer 26 as shown in FIGS. 4A and 4B, and a form in which the 
comb teeth of the pair of electrodes 28 are arranged along the minor axis of the shape-retaining layer 26 
as shown in FIGS. 5A and 5B. 

[0128] It is possible to use, for example, the form in which the comb teeth of the pair of electrodes 28 are 
included in the planar configuration of the shape-retaining layer 26 as shown in FIGS. 4A and 5A, and the 
form in which the comb teeth of the pair of electrodes 28 protrude from the planar configuration of the 
shape-retaining layer 28 as shown in FIGS. 4B and 5B. The form shown in FIGS. 4B and 5B are more 
advantageous to effect the bending displacement of the actuator element 14. 

[0129] The pair of electrodes 28 are arranged, for example, as follows as shown in FIG. 6. That is, the row 
electrode 28a is formed on the lower surface of the shape-retaining layer 26, and the column electrode 
28b is formed on the upper surface of the shape-retaining layer 26. 

[0130] In this embodiment, as shown in FIG. 1 , the actuator element 14 can be allowed to make bending 
displacement in the first direction so that it is convex toward the optical waveguide plate 12. Alternatively, 
as shown in FIG. 7, the actuator element 14 can be allowed to make bending displacement in the second 
direction so that it is convex toward the hollow space 20. 

[0131] On the other hand, as shown in FIG. 2, for example, the pixel structure 102 can be constructed as a 
stacked structure comprising a transparent layer 48, a color filter 40, and a white scattering element 32 to 
serve as a displacement-transmitting section formed on the actuator element 14. 

[0132] Further, as shown in FIG. 8, a light-reflective layer 72 may be allowed to intervene as a layer 
disposed under the white scattering element 32. In this arrangement, when the light-reflective layer 72 is 
composed of a conductive layer such as those made of metal, it is feared that a short circuit may be 
formed between the pair of electrodes 28a, 28b of the actuator element 14. Therefore, it is desirable that 
an insulative layer 74 is formed between the light-reflective layer 72 and the actuator element 14. 

[0133] Another example of the pixel structure 102 is shown, for example, in FIG. 9. That is, the pixel 
structure 102 can be also constructed by a stacked structure comprising a transparent layer 48 and a color 
scattering element 44 also used as the displacement-transmitting section formed on the actuator element 
14. Also in this case, as shown in FIG. 10, a light-reflective layer 72 and an insulative layer 74 may be 
allowed to intervene between the actuator element 14 and the color scattering element 44. 
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[0134] As shown in FIG. 1 , the display device Da according to the first embodiment comprises the - 
crosspiece 70 formed at the portion other than the pixel structure 102 between the optical waveguide plate 
12 and the actuator substrate 18. The embodiment shown in FIG. 1 is illustrative of the case in which the 
optical waveguide plate 12 is directly secured to the upper surface of the crosspiece 70. It is preferable 
that the material for the crosspiece 70 is not deformable against the heat and the pressure. 

[0135] The crosspieces 70 can be formed, for example, at portions around four corners of the pixel 
structures 102. As shown in FIG. 11, the portions around four corners of the pixel structure 102 are 
exemplified by positions corresponding to the respective corners, for example, when the pixel structure 
102 has a rectangular or elliptic planar configuration. The portions refer to a form in which one crosspiece 
70 is shared by the adjoining pixel structure 102. 

[0136] Next, several modified embodiments of the arrangement of the crosspiece 70 will be explained with 
reference to FIGS. 12 to 16. 

[0137] At first, the crosspiece according to the first modified embodiment is shown in FIG. 12. The 
crosspiece 70 includes windows 70a for surrounding at least one pixel structure 102. The representative 
illustrative arrangement is as follows. That is, for example, the crosspiece 70 itself is formed to have a 
plate-shaped configuration, and the windows (openings) 70a each having a shape similar to the outer 
contour of the pixel structure 102 are formed at the positions corresponding to the pixel structures 102. 
Accordingly, an arrangement is given, in which all of the side surfaces of the pixel structures 102 are 
surrounded by the crosspiece 70. Thus, the actuator substrate 18 and the optical waveguide plate 12 are 
secured to one another more tightly. 

[0138] As shown in FIG. 13, the crosspiece according to the second modified embodiment includes stripe- 
shaped openings 220 each of which extends in the direction of the array of the pixel structures and each 
of which surrounds the array of the pixel structures. Each of the openings 220 has an opening width which 
is enough to include one or more arrays. This embodiment is illustrative of a case in which the opening 
220 has an opening width which includes one array of the group of pixel structures 102. 

[0139] As shown in FIG. 14, the crosspiece 70 according to the third modified embodiment has a shape 
extending linearly along the direction of the array of the pixel structures 102. In this arrangement, as in a 
crosspiece 70 according to a fourth modified embodiment shown in FIG. 15, for example, it is also 
preferable to use a wire member 222 having a substantially circular cross section. The embodiment shown 
in FIG. 15 is illustrative of the case in which the wire member 222 for constructing the crosspiece 70 is 
secured to the actuator substrate 18 by using an adhesive 224. The cross-sectional configuration of the 
wire member 222 include, for example, the circular configuration as described above as well as elliptic 
configurations and polygonal configurations such as hexagon and octagon. 

[0140] As shown in FIG. 16, the crosspiece 70 according to the fifth modified embodiment is arranged and 
formed with ceramics integrally with the actuator substrate 18 at portions other than the pixel structures 
1 02, of the actuator substrate 18. 

[0141] In this embodiment, it is possible to improve the mechanical strength of the portion at which the 
crosspiece 70 is formed on the actuator substrate 18. Accordingly, the rigidity of the actuator substrate 18 
is enhanced. As a result, for example, the crosspiece 70 can be used to protect the actuator element 14, 
especially the vibrating section 22 thereof formed on the actuator substrate 18 when the actuator substrate 
18 is carried and stored. 

[0142] Explanation will now be made for the respective constitutive components of the display device Da, 
especially, for example, for selection of materials for the respective constitutive components. 

[0143] The light 10 to be introduced into the optical waveguide plate 12 may be any one of those of 
ultraviolet, visible, and infrared regions. Those usable as the light source 100 include, for example, 
incandescent lamp, deuterium discharge lamp, fluorescent lamp, mercury lamp, metal halide lamp, 
halogen lamp, xenon lamp, tritium lamp, light emitting diode, laser, plasma light source, hot cathode tube, 
and cold cathode tube. 

[0144] It is preferable that the vibrating section 22 is composed of a highly heat-resistant material, 
because of the following reason. That is, when the actuator element 14 has the structure in which the 
vibrating section 22 is directly supported by the fixed section 24 without using any material such as an 
organic adhesive which is inferior in heat resistance, the vibrating section 22 is preferably composed of a 
highly heat-resistant material so that the vibrating section 22 is not deteriorated in quality at least during 
the formation of the shape-retaining layer 26. 

[0145] It is preferable that the vibrating section 22 is composed of an electrically insulative material in 
order to electrically separate the wiring (for example, row selection line) connected to the row electrode 
28a of the pair of electrodes 28 formed on the actuator substrate 1 8, from the wiring (for example, signal 
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[0146] Therefore, the vibrating section 22 may be composed of a material such as a highly heat-resistant 
metal and a porcelain enamel produced by coating a surface of such a metal with a ceramic material such 
as glass. However, the vibrating section 22 is optimally composed of ceramics. 

[0147] Those usable as the ceramics for constructing the vibrating section 22 include, for example, 
stabilized zirconium oxide, aluminum oxide, magnesium oxide, titanium oxide, spinel, mullite, aluminum 
nitride, silicon nitride, glass, and mixtures thereof. Stabilized zirconium oxide is especially preferred 
because of, for example, high mechanical strength obtained even when the thickness of the vibrating 
section 22 is thin, high toughness, and small chemical reactivity with the shape-retaining layer 26 and the 
pair of electrodes 28. The term "stabilized zirconium oxide" includes stabilized zirconium oxide and 
partially stabilized zirconium oxide. Stabilized zirconium oxide has a crystal structure such as cubic crystal, 
and hence it does not cause phase transition. 

[0148] On the other hand, zirconium oxide causes phase transition between monoclinic crystal and 
tetragonal crystal at about 1000 DEG C. Cracks appear during the phase transition in some cases. 
Stabilized zirconium oxide contains 1 to 30 mole % of a stabilizer such as calcium oxide, magnesium 
oxide, yttrium oxide, scandium oxide, ytterbium oxide, cerium oxide, and oxides of rare earth metals. In 
order to enhance the mechanical strength of the vibrating section 22, the stabilizer preferably comprises 
yttrium oxide. In this composition, yttrium oxide is contained preferably in an amount of 1.5 to 6 mole %, 
and more preferably 2 to 4 mole %. It is preferable that aluminum oxide is further contained in an amount 
of 0.1 to 5 mole %. 

[0149] The crystal phase may be, for example, a mixed phase of cubic crystal + monoclinic crystal, a 
mixed phase of tetragonal crystal + monoclinic crystal, and a mixed phase of cubic crystal + tetragonal 
crystal + monoclinic crystal. However, among them, most preferred are those having a principal crystal 
phase composed of tetragonal crystal or a mixed phase of tetragonal crystal + cubic crystal, from 
viewpoints of strength, toughness, and durability. 

[0150] When the vibrating section 22 is composed of ceramics, a large number of crystal grains construct 
the vibrating section 22. In order to increase the mechanical strength of the vibrating section 22, the 
crystal grains preferably have an average grain diameter of 0.05 to 2 mu m, and more preferably 0.1 to 1 
mu m. 

[0151] The fixed section 24 preferably composed of ceramics. The fixed section 24 may be composed of 
the same ceramic material as that used for the vibrating section 22, or the fixed section 24 may be 
composed of a ceramic material different from that used for the vibrating section 22. Those usable as the 
ceramic material for constructing the fixed section 24 include, for example, stabilized zirconium oxide, 
aluminum oxide, magnesium oxide, titanium oxide, spinel, mullite, aluminum nitride, silicon nitride, glass, 
and mixtures thereof, in the same manner as the material for the vibrating section 22. 

[0152] Especially, those preferably adopted for the actuator substrate 18 used in the display device Da 
according to the first embodiment include, for example, materials containing a major component of 
zirconium oxide, materials containing a major component of aluminum oxide, and materials containing a 
major component of a mixture thereof. Among them, those containing a major component of zirconium 
oxide are more preferable. 

[0153] Clay or the like is added as a sintering aid in some cases. However, it is necessary to control 
components of the sintering aid in order not to contain an excessive amount of those liable to form glass 
such as silicon oxide and boron oxide because of the following reason. That is, although the materials 
which are liable to form glass are advantageous to join the actuator substrate 18 to the shape-retaining 
layer 26, the materials facilitate the reaction between the actuator substrate 18 and the shape-retaining 
layer 26, making it difficult to maintain a predetermined composition of the shape-retaining layer 26. As a 
result, the materials make a cause to deteriorate the element characteristics. 

[0154] That is, it is preferable that silicon oxide or the like in the actuator substrate 18 is restricted to have 
a weight ratio of not more than 3 %, and more preferably not more than 1 %. The term "major component" 
herein refers to a component which exists in a proportion of not less than 50 % in weight ratio. 

[0155] As described above, those usable as the shape-retaining layer 26 include 
piezoelectric/electrostrictive layers and anti-ferroelectric layers. However, when the 
piezoelectric/electrostrictive layer is used as the shape-retaining layer 26, those usable as the 
piezoelectric/electrostrictive layer include ceramics containing, for example, lead zirconate, lead 
magnesium niobate, lead nickel niobate, lead zinc niobate, lead manganese niobate, lead magnesium 
tantalate, lead nickel tantalate, lead antimony stannate, lead titanate, barium titanate, lead magnesium 
tungstate, and lead cobalt niobate, or any combination of them. 

[0156] It is needless to say that the major component contains the compound as described above in an 
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amount of not less than 50 % by weight. Among the ceramics described above, the ceramics containing 
lead zirconate is most frequently used as the constitutive material for the piezoelectric/electrostrictive layer 
for constructing the shape-retaining layer 26. 

[0157] When the piezoelectric/electrostrictive layer is composed of ceramics, it is also preferable to use 
ceramics obtained by appropriately adding, to the ceramics described above, oxide of, for example, 
lanthanum, calcium, strontium, molybdenum, tungsten, barium, niobium, zinc, nickel, and manganese, or 
any combination thereof or another type of compound thereof. For example, it is preferable to use 
ceramics containing a major component composed of lead magnesium niobate, lead zirconate, and lead 
titanate and further containing lanthanum and strontium. 

[0158] The piezoelectric/electrostrictive layer may be either dense or porous. When the 
piezoelectric/electrostrictive layer is porous, its porosity is preferably not more than 40 %. 

[0159] When the anti-ferroelectric layer is used as the shape-retaining layer 26, it is desirable to use, as 
the anti-ferroelectric layer, a compound containing a major component composed of lead zirconate, a 
compound containing a major component composed of lead zirconate and lead stannate, a compound 
obtained by adding lanthanum to lead zirconate, and a compound obtained by adding lead zirconate and 
lead niobate to a component composed of lead zirconate and lead stannate. 

[0160] Especially, when an anti-ferroelectric film, which contains lead zirconate and lead stannate as 
represented by the following composition, is applied as a film-type element such as the actuator element 
14, it is possible to perform driving at a relatively low voltage. Therefore, application of such an anti- 
ferroelectric film is especially preferred. Pb0.99Nb0.02[(ZrxSn1-x)1-yTiy]0.98O3 wherein, 0.5 < x < 0.6, 
0.05, < y < 0.063, 0.01 < Nb < 0.03 

[0161] The anti-ferroelectric film may be porous. When the anti-ferroelectric film is porous, it is desirable 
that the porosity is not more than 30 %. 

[0162] It is preferable that the thickness of the vibrating section 22 of the actuator substrate 18 have a 
dimension identical to that of the thickness of the shape-retaining layer 26 formed on the vibrating section 
22, because of the following reason. That is, if the thickness of the vibrating section 22 is extremely thicker 
than the thickness of the shape-retaining layer 26 (if the former is different from the latter by not less than 
one figure), when the shape-retaining layer 26 makes shrinkage upon sintering, the vibrating section 22 
behaves to inhibit the shrinkage. For this reason, the stress at the boundary surface between the shape- 
retaining layer 26 and the actuator substrate 18 is increased, and consequently they are easily peeled off 
from each other. On the contrary, when the dimension of the thickness is in an identical degree between 
the both, it is easy for the actuator substrate 18 (vibrating section 22) to follow the shrinkage of the shape- 
retaining layer 26 upon sintering. Accordingly, such dimension of the thickness is preferred to achieve 
integration. Specifically, the vibrating section 22 preferably has a thickness of 1 to 100 mu m, more 
preferably 3 to 50 mu m, and much more preferably 5 to 20 mu m. On the other hand, the shape-retaining 
layer 26 preferably has a thickness of 5 to 100 mu m, more preferably 5 to 50 mu m, and much more 
preferably 5 to 30 mu m. 

[0163] The pair of electrodes 28 formed on the shape-retaining layer 26 are allowed to have an 
appropriate thickness depending on the use or application. However, the thickness is preferably 0.01 to 50 
mu m, and more preferably 0.1 to 5 mu m. The pair of electrodes 28 are preferably composed of a 
conductive metal which is solid at room temperature. The metal includes, for example, metal simple 
substances or alloys containing, for example, aluminum, titanium, chromium, iron, cobalt, nickel, copper, 
zinc, niobium, molybdenum, ruthenium, rhodium, silver, stannum, tantalum, tungsten, iridium, platinum, 
gold, and lead. It is needless to say that these elements may be contained in an arbitrary combination. 

[0164] The optical waveguide plate 12 has an optical refractive index with which the light 10 introduced 
into the inside thereof is totally reflected by the front and back surfaces without being transmitted to the 
outside of the optical waveguide plate 12. It is necessary for the optical waveguide plate 12 to use those 
having a large and uniform light transmittance in the wavelength region of the light to be introduced. The 
material for the optical waveguide plate 12 is not specifically limited provided that it satisfies the foregoing 
characteristic. However, specifically, those generally used for the optical waveguide plate 12 include, for 
example, glass, quartz, light-transmissive plastics such as acrylic plastics, light-transmissive ceramics, 
structural materials comprising a plurality of layers composed of materials having different refractive 
indexes, and those having a surface coating layer. 

[0165] The color layer such as the color filter 40 and the color scattering element included in the pixel 
structure 102 is the layer which is used to extract only the light in a specified wavelength region, and it 
includes, for example, those which develops the color by absorbing, transmitting, reflecting, or scattering 
the light at a specified wavelength, and those which convert incident light into light having a different 
wavelength. The transparent member, the semitransparent member, and the opaque member can be 
used singly or in combination. 
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[0166] The color layer is constructed, for example, as follows. That is, the color layer includes, for 
example, those obtained by dispersing or dissolving a dyestuff or a fluorescent material such as dye, 
pigment, and ion in rubber, organic resin, light-transmissive ceramics, glass, liquid or the like, those 
obtained by applying the dyestuff or the fluorescent material on the surface of the foregoing material, 
those obtained by sintering, for example, the powder of the dyestuff or the fluorescent material, and those 
obtained by pressing and solidifying the powder of the dyestuff or the fluorescent material. As for the 
material quality and the structure, the materials may be used singly, or the materials may be used in 
combination. 

[0167] The difference between the color filter 40 and the color scattering element 44 lies in whether or not 
the brightness value of leakage light obtained by reflection and scattering effected by only the color layer 
is not less than 0.5-fold the brightness value of leakage light obtained by reflection and scattering effected 
by the entire structure including the pixel structure 102 and the actuator element 14, when the light 
emission state is given by allowing the pixel structure 102 to make contact with the optical waveguide 
plate 12 into which the light 10 is introduced. If the former brightness value is not less than 0.5-fold the 
latter brightness value, the color layer is defined to be the color scattering element 44. If the former 
brightness value is less than 0.5-fold the latter brightness value, the color layer is defined to be the color 
filter 40. 

[0168] The measuring method is specifically exemplified as follows. That is, it is assumed that when the 
color layer is singly allowed to make contact with the back surface of the optical waveguide plate 12 into 
which the light 10 is introduced, A(nt) represents the front brightness of the light which passes from the 
color layer through the optical waveguide plate 12 and which leaks to the front surface. Further, it is ' 
assumed that when the pixel structure 102 is allowed to make contact with the surface of the color layer 
on the side opposite to the side to make contact with the optical waveguide plate 12, B(nt) represents the 
front brightness of the light which leaks to the front surface. If A ^ 0.5 x B is satisfied, the color layer is the 
color scattering element 44. If A < 0.5 x B is satisfied, the color layer is the color filter 40. 

[0169] The front brightness is the brightness measured by arranging a luminance meter so that the line to 
connect the color layer to the luminance meter for measuring the brightness is perpendicular to the 
surface of the optical waveguide plate 12 to make contact with the color layer (the detection surface of the 
luminance meter is parallel to the plate surface of the optical waveguide plate). 

[0170] The color scattering element 44 is advantageous in that the color tone and the brightness are 
scarcely changed depending on the thickness of the layer. Accordingly, those applicable as the method for 
forming the layer includes various methods such as the screen printing which requires inexpensive cost 
although it is difficult to strictly control the layer thickness. 

[0171] Owing to the arrangement in which the color scattering element 44 also serves as the 
displacement-transmitting section, it is possible to simplify the process for forming the layer. Further, it is 
possible to obtain a thin entire layer thickness. Therefore, the thickness of the entire display device can be 
made thin. Further, it is possible to avoid the decrease in displacement amount of the actuator element 14, 
and improve the response speed. 

[0172] The color filter 40 has the following advantages. That is, when the layer is formed on the side of the 
optical waveguide plate 12, the layer can be easily formed, because the optical waveguide plate 12 is flat, 
and it has high surface smoothness. Thus, the range of process selection is widened, and the cost 
becomes inexpensive. Further, it is easy to control the layer thickness which may affect the color tone and 
the brightness. 

[01 73] The method for forming the film of the color layer such as the color filter 40 and the color scattering 
element 44 is not specifically limited, to which it is possible to apply a variety of known film formation 
methods. Those usable include, for example, a film lamination method in which the color layer in a chip 
form or in a film form is directly stuck on the surface of the optical waveguide plate 12 or the actuator 
element 14, as well as a method for forming the color layer in which, for example, powder, paste, liquid, 
gas, or ion to serve as a raw material for the color layer is formed into a film in accordance with the thick 
film formation method such as the screen printing, the photolithography method, the spray dipping, and 
the application, or in accordance with the thin film formation method such as the ion beam, the sputtering, 
the vacuum evaporation, the ion plating, CVD, and the plating. 

[0174] Next, the operation of the display device Da according to the first embodiment will be briefly 
described with reference to FIG. 1. At first, the light 10 is introduced, for example, from the end portion of 
the optical waveguide plate 12. In this embodiment, all of the light 10 is totally reflected at the inside of the 
optical waveguide plate 12 without being transmitted through the front and back surfaces thereof by 
controlling the magnitude of the refractive index of the optical waveguide plate 12. In this embodiment, the 
optical waveguide plate 12 desirably has a reflection factor n of 1.3 to 1.8, and more desirably 1.4 to 1.7. 

[0175] In this state, when a certain actuator element 14 is in the selected state,. the actuator element 14 
makes bending displacement so that it is convex toward the optical waveguide plate 12, i.e., the actuator 
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element 14 makes bending displacement in the first direction, and the end surface of the pixel structure 
102 contacts, at a distance of not more than the wavelength of light 10, with the optical waveguide plate 
12, then the light 10, which has been subjected to total reflection, is reflected by the surface of the pixel 
structure 102, and it behaves as scattered light 42. A part of the scattered light 42 is reflected again in the 
optical waveguide plate 12. However, almost all of the scattered light 42 is not reflected by the optical 
waveguide plate 12, and it is transmitted through the front surface (face) of the optical waveguide plate 12. 
Accordingly, the pixel corresponding to the actuator element 14 is in the ON state, and the ON state is 
expressed in a form of light emission. Further, the color of the light emission corresponds to the color of 
the color filter 40 or the color scattering element 44 included in the pixel structure 102. 

[0176] That is, in the display device Da, the presence or absence of light emission (leakage light) at the 
front surface of the optical waveguide plate 12 can be controlled depending on the presence or absence of 
the contact of the pixel structure 102 with the optical waveguide plate 12. Especially, in the display device 
Da according to the first embodiment, one unit for making the displacement action of the pixel structure 
102 in the direction to make contact or separation with respect to the optical waveguide plate 12 may be 
recognized, for example, as one pixel. A large number of the pixels are arranged in a matrix configuration 
or in a zigzag configuration concerning the respective rows. Therefore, it is possible to display a picture 
image (characters and graphics) corresponding to the image signal on the front surface of the optical 
waveguide plate 12, i.e., on the display surface, in the same manner as in the cathode ray tube, the liquid 
crystal display device, and the plasma display, by controlling the displacement action in each of the pixels 
in accordance with the attribute of the inputted image signal. 

[0177] In the gradation control over the display, for example, it is possible to adopt the voltage modulation 
system and the time modulation system. For example, in the voltage modulation system, when one row is 
selected, for example, voltages corresponding to the gradation of the respective actuator elements 14 are 
applied to a large number of the actuator elements 14 arranged on the selected row. The respective 
actuator elements 14 are displaced in the first direction in accordance with the level of the applied 
voltages, in the case of an example shovyn in FIG. 17, the displacement is made linearly to give 
displacement amounts of Z1 , Z2,... Zn for voltages V1 , V2,... Vn respectively. 

[0178] For example, as shown in FIG. 14, at a point of time at which the actuator element 14 is displaced 
in a displacement amount of Z1, the distance D between the first principal surface of the pixel structure 
102 and the back surface of the optical waveguide plate 12 becomes a distance corresponding to the 
wavelength lambda of the light 10 (the light 10 introduced into the optical waveguide plate 12). For 
example, at a point of time at which the actuator element 14 is displaced in a displacement amount of Zn, 
ideally the first principal surface of the pixel structure completely contacts with the back surface of the 
optical waveguide plate 12. 

[0179] When the pixel structure 102 approaches the back surface of the optical waveguide plate 12, and 
the distance between the first principal surface of the pixel structure 102 and the back surface of the 
optical waveguide plate 12 is not more than the wavelength lambda of the light 10, then the amount of the 
scattered light radiated from the surface of the optical waveguide plate 12 is increased in accordance with 
the decrease in the distance, and the brightness level of the pixel corresponding to the actuator element 
T4 is increased. 

[0180] This phenomenon can be explained as follows in accordance with the evanescent effect. In 
general, as shown in FIG. 18, a region (evanescent region) 104, which is brought about on account of 
discharge of light (evanescent wave), exists, for example, around the back surface of the optical 
waveguide plate 12. The depth dp of the evanescent region 104 represents a depth at which the energy 
value of the evanescent wave is 1/e at the boundary between the optical waveguide plate 12 and the 
external space (the back surface of the optical waveguide plate 12 in this embodiment). The depth dp is 
given by the following expression (1). The energy E of the evanescent wave is given by the following 
expression (2). 

"(1)" dp = lambda /[2 pi n1 2ROOT {sin<2>&thetas; - (n2/n2)<2>}] 
"(2)" E = exp{-(D/dp)} 



[0181] In the expression, lambda represents the wavelength of the light 10, and &thetas; represents the 
angle (angle of incidence) at which the light 10 comes from the optical waveguide plate 12 into the 
external space as shown in FIG. 18. Further, n1 represents the optical refractive index of the optical 
waveguide plate 12, and n2 represents the optical refractive index of the external space. 

[0182] According to the expression (1), it can be postulated that the depth dp is increased as the 
wavelength lambda of the light 10 is increased, and the depth dp is increased as the angle of incidence 
&thetas; approaches the critical angle. On the other hand, as shown in the expression (2), the energy E of 
the evanescent wave is increased as the object approaches the back surface of the optical waveguide 
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plate 12, and the energy E is attenuated exponentially as the object is separated from the back surface of 
the optical waveguide plate 12. The amount of light (scattered light 42) reflected by the surface of the pixel 
structure 102 is proportional to the energy E of the evanescent wave. Accordingly, the amount of scattered 
light 42 is increased as the pixel structure 102 approaches the back surface of the optical waveguide plate 
12, and the amount of light 42 is decreased exponentially as the pixel structure 102 is separated from the 
back surface of the optical waveguide plate 12. 

[0183] In this process, the actuator element 14 continues to retain the displacement amount determined 
upon the selection owing to the shape-retaining effect exerted by the shape-retaining layer 26 of the 
actuator section 14. Accordingly, the light emission state of the pixel is maintained for a certain period of 
time. 

[0184] When the display device is applied to the color display system, for example, it is preferable to 
construct one pixel by using three pixel structures adjacent to one another (RGB arrangement) or four 
pixel structures adjacent to one another (checked arrangement or the like), for example, depending on the 
color scheme of the color filter 40 (for example, three primary color filters and complementary color filters) 
included in the pixel structure 102. 

[0185] As described above, the display device Da according to the first embodiment comprises the 
crosspiece 70 at the portions other than the pixel structure 102 between the optical waveguide plate 12 
and the actuator substrate 1 8. 

[0186] If the optical waveguide plate 12 and the actuator substrate 18 are fixed at only the circumferential 
edge of the screen without providing the crosspiece 70, then the displacement standard is changed every 
time when the vibration occurs in the actuator substrate 18 due to the movement of the actuator element 
14, and the ON/OFF operation of the pixel does not correspond to the displacement of the actuator 
element 14 in some cases. 

[0187] However, in the display device Da according to the first embodiment, the crosspiece 70 is provided 
as described above. Therefore, even when a certain actuator element 14 makes the displacement action, 
the vibration is absorbed by the crosspiece 70. Thus, the inconvenience such as the change in 
displacement standard does not take place. 



*[0188] The support for the optical waveguide plate 12, which is effected by the crosspiece 70 formed 
around the pixel structure 102, makes it possible to easily obtain the uniform gap "g" between the pixel 
structure 102 and the optical waveguide plate 12 for all of the pixels. Further, the size of the gap "g" can 
be easily controlled by arbitrarily changing the height of the crosspiece 70. As a result, it is possible to 
obtain the uniform brightness for all of the pixels. 

[0189] Especially, as shown in FIG. 1 1, when the crosspieces 70 are formed at the portions around the 
four corners of the pixel structure 102, the arrangement is given, in which the four crosspieces 70 are 
formed for the unit of the pixel structure 102. Accordingly, the vibration, which is caused by the 
displacement action of a certain actuator element 14, is effectively absorbed. Little influence is exerted on 
the displacement action of the other actuator elements 14. As a result, it is possible to obtain good 
correspondence between the ON operation/OFF operation and the displacement for all of the pixels. It is 
possible to faithfully display the picture image corresponding to the inputted image signal. Further, the 
actuator substrate 18 and the optical waveguide plate 12 are tightly secured to one another. 

[0190] As shown in FIG. 12, when the crosspiece 70 has the windows 70a for surrounding at least one 
pixel structure 102, the arrangement is given, in which all of the side surfaces of the pixel structure 102 is 
surrounded by the crosspiece 70. The actuator substrate 18 and the optical waveguide plate 12 are 
secured to one another more tightly. Further, the vibration, which is caused by the displacement action of 
a certain actuator element 14, does not affect the displacement action of the other actuator elements 14 at 
all. 

[0191] Next, a display device Db according to the second embodiment will be explained with reference to 
FIG. 19. Components or parts corresponding to those shown in FIG. 1 are designated by the same 
reference numerals, duplicate explanation of which will be omitted. 

[0192] As shown in FIG. 19, the display device Db according to the second embodiment is constructed in 
approximately the same manner as the display device Da according to the first embodiment (see FIG. 1). 
However, the former is different from the latter in that a gap-forming layer 50 is provided between the 
forward end of the crosspiece 70 and the optical waveguide plate 12. 

[0193] Owing to the presence of the gap-forming layer 50, the gap-forming layer 50 can be used to adjust 
the gap "g M between the pixel structure 102 and the optical waveguide plate 12. Accordingly, an effect is 
obtained in that the gap "g" can be made uniform for all of the pixels. This embodiment is advantageous in 
that the gap "g" can be easily adjusted when the position of the upper surface of the pixel structure 102 is 
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aligned with the position of the upper surface of the crosspiece 70 (surface to make contact with the gap- 
forming layer 50). 

[0194] The method to realize this arrangement includes, for example, a method in which a flat glass 
surface is used to simultaneously form the pixel structure 102 and the crosspiece 70, and a method in 
which the pixel structure 102 and the crosspiece 70 are formed, followed by polishing to perform figuring. 

[0195] The constitutive material for the gap-forming layer 50 includes, for example, metal films, films 
containing carbon black, black pigment, or black dye, and transparent films having low light-scattering 
property. Accordingly, the gap-forming layer 50 can be allowed to simultaneously have the function of a 
black matrix. 

[0196] Especially, when a metal film composed of, for example, Cr, Al, Ni, orAg is used as the gap- 
forming layer 50, the attenuation and the scattering of the light transmitted through the optical waveguide 
plate can be suppressed, because of a small amount of light is absorbed thereby. Therefore, such a metal 
film is used especially preferably. 

[0197] When a film containing carbon black, black pigment, or black dye is used as the gap-forming layer 
50, then the light-absorbing performance is excellent, and it is possible to improve the contrast. When a 
transparent film having a poor light-scattering property is used as the gap-forming layer 50, then the light 
scattering can be suppressed, and the contrast can be enhanced by combining the film with an adhesive 
having an excellent light-absorbing property (or an adhesive having a light-absorbing property enhanced 
by adding black dye or black pigment). 

[01 98] The size of the gap-forming layer 50 is set as follows, for example, as exemplified by the case in 
which the actuator element 14 is displaced to be convex toward the optical waveguide plate 12. That is, 
the small limit (minimum value) of the gap amount "g" is set to be such a degree that the leakage of light 
caused by the evanescent effect upon the OFF operation of the pixel structure 102 can be neglected. The 
large limit (maximum value) of the gap amount "g M is set to be within a range in which the pixel structure 
102 can make contact with the optical waveguide plate 12 in accordance with the displacement of the 
actuator element 14. Therefore, the thickness of the gap-forming layer 50 is adjusted so that the gap 
amount "g" is within the range described above. Especially preferably, the thickness is about 1 to 5 mu m. 
However, the difference in height between the pixel structure 102 and the crosspiece 70 is controllable 
depending on various embodiments of the display device. The thickness of the gap-forming layer 50 may 
be optimized in accordance therewith. 

[0199] The display device Db according to the second embodiment shown in FIG. 19 is illustrative of the 
case in which the width of the gap-forming layer 50 is larger than the width of the crosspiece 70. 
Alternatively, as in a display device Dba according to a modified embodiment shown in FIG. 20, the width 
of the gap-forming layer 50 may be made smaller than the width of the crosspiece 70. In this embodiment, 
the contact area of the gap-forming layer 50 with respect to the optical waveguide plate 12 is decreased. 
Therefore, it is possible to reduce unnecessary scattered light. This embodiment is advantageous to 
improve the contrast. 

[0200] Next, a display device Dc according to the third embodiment will be explained with reference to 
FIG. 21. Components or parts corresponding to those shown in FIG. 19 are designated by the same 
reference numerals, duplicate explanation of which will be omitted. 

[0201] As shown in FIG. 21, the display device Dc according to the third embodiment is constructed in 
approximately the same manner as the display device Db according to the second embodiment (see FIG. 
19). However, the former is different from the latter in that a plurality of recesses 1 10 are formed on the 
surface of the pixel structure 102. The recesses may be formed as a continuous groove. 

[0202] According to the display device Dc concerning the third embodiment, an approximately identical 
contact area with respect to the optical waveguide plate 12 can be realized for the respective pixel 
structures 102 by defining the size or the number of formed recesses 1 10 in conformity with the area of 
the pixel structure 102 opposing to the optical waveguide plate 12. Thus, it is possible to obtain a uniform 
brightness for all of the pixels. 

[0203] The presence of the recess 110 mitigates the tight adherence between the pixel structure 102 and 
the optical waveguide plate 12. The pixel structure 102 is smoothly separated from the optical waveguide 
plate 12. As a result, the pixel structure 102 can be prevented from adhesion to the optical waveguide 
plate 12. Accordingly, it is possible to effectively realize a high response speed. 

[0204] Next, a display device Dd according to the fourth embodiment will be explained with reference to 
FIG. 22. Components or parts corresponding to those shown in FIG. 19 are designated by the same 
reference numerals, duplicate explanation of which will be omitted. 

[0205] As shown in FIG. 22, the display device Dd according to the fourth embodiment is constructed in 
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approximately the same manner as the display device Db according to the second embodiment. However, 
the former is different from the latter in that a step 1 12 is formed at the circumferential edge of the pixel 
structure 102. 

[0206] According to the display device Dd concerning the fourth embodiment, the provision of the step 112 
at the circumferential edge of the pixel structure 102 makes it possible to obtain a constant area of the 
portion of the pixel structure 102 to make contact with the optical waveguide plate 12 for all of the pixels. It 
is possible to obtain a uniform brightness for all of the pixels. Further, the presence of the step 112 
mitigates the tight adherence between the pixel structure 102 and the optical waveguide plate 12. 
Therefore, the pixel structure 102 can be prevented from adhesion to the optical waveguide plate 12. 
Accordingly, it is possible to effectively realize a high response speed. 

[0207] Next, a display device De according to the fifth embodiment will be explained with reference to FIG. 
23. Components or parts corresponding to those shown in FIG. 19 are designated by the same reference 
numerals, duplicate explanation of which will be omitted. 

[0208] As shown in FIG. 23, the display device De according to the fifth embodiment is constructed in 
approximately the same manner as the display device Db according to the second embodiment. However, 
the former is different from the latter in that the surface of the pixel structure 102 is formed to have a 
concave configuration 114. 

[0209] When the actuator element 14 makes displacement, the central portion of the pixel structure 102 
tends to have the largest displacement amount. Therefore, the surface of the pixel structure 102 has the 
concave configuration 1 14 so that the central portion of the pixel structure 102 is made concave to give 
the depth, for example, corresponding to the displacement amount described above. By doing so, the 
surface of the pixel structure 102 is approximately flat when the actuator element 14 makes displacement 
to allow the pixel structure 102 to make contact with the optical waveguide plate 12. Thus, it is possible to 
increase the contact area of the pixel structure 102 with respect to the optical waveguide plate 12. 

[0210] In this embodiment, when the depth of the concave curve of the concave configuration 1 14 is 
increased, a state is given, in which the central portion of the pixel structure 102 does not arrive at the 
optical waveguide plate 12 when the pixel structure 102 makes contact with the optical waveguide plate 
12, giving a state in which a recess is formed on the surface of the pixel structure 102 in a simulated 
manner. Accordingly, the tight adherence between the pixel structure 102 and the optical waveguide plate 
12 is mitigated. Thus, the pixel structure 102 is smoothly separated from the optical waveguide plate 12. 
As a result, the pixel structure 102 can be prevented from adhesion to the optical waveguide plate 12, and 
it is possible to effectively realize a high response speed. 

[021 1] The arrangement of the display device Dc according to the third embodiment (the recess 1 10 is 
formed on the surface of the pixel structure 102), the arrangement of the display device Dd according to 
the fourth embodiment (the step 112 is formed on the surface of the pixel structure 102), and the 
arrangement of the display device De according to the fifth embodiment (the surface of the pixel structure 
102 has the concave configuration 114) may be realized singly respectively, or they may be arbitrarily 
combined with each other. The combination of them makes it possible to obtain the synergistic effect 
based on the respective arrangements. FIG. 24 is illustrative of a display device Df according to the sixth 
embodiment in which all of the arrangements of the display devices Dc to De according to the third to fifth 
embodiments are combined with each other. 

[0212] The display devices Da to Df according to the first to sixth embodiments can be used singly. 
Besides, the display devices Da to Df according to these embodiments may be used as one display 
element 252 included in a large screen display apparatus 250 as shown in FIG. 25. FIG. 25 shows an 
illustrative arrangement in which seven display elements 252 are arranged in the vertical direction, and 
eighteen display elements 252 are arranged in the lateral direction on a back surface of a light-introducing 
plate 254 having a display area for a large screen. In this arrangement, those which have a large and 
uniform light transmittance in the visible light region, such as glass plates and acrylic plates are used for 
the light-introducing plate 254. The respective display elements 252 are connected to one another by 
means of, for example, wire bonding, soldering, face connector, and back connector so that signals may 
be mutually supplied. 

[0213] The large screen display apparatus 250 shown in FIG. 25 uses the display devices Da to Df 
according to the first to sixth embodiments, as the display devices applied to the respective display 
elements 252. In each of the display elements 252, the arrangement of the pixels comprises 32 individuals 
in the horizontal direction and 32 individuals in the vertical direction. In the display devices Da to Df 
according to these embodiments, when the pixels concerning the respective rows are arranged in the 
zigzag form, it is possible to provide an extremely small arrangement pitch of the pixels in the horizontal 
direction. When the number of arranged pixels in the horizontal direction is the same as that in the vertical 
direction, the entire planar configuration has a vertical length which is longer than a horizontal length. 

[0214] The large screen display apparatus 250 shown in FIG. 25 represents the illustrative arrangement in 
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which the display elements 252 including the optical waveguide plates 12 are arranged in the matrix form 
on the plate surface of the large light-introducing plate 254. Alternatively, the large light-introducing plate 
252 may be omitted so that the large screen display apparatus 250 is constructed by arranging, in a matrix 
form, the display elements 252 including the optical waveguide plates 12. In such an arrangement, the 
large number of optical waveguide plates 12 arranged in the matrix form also serve as the large light- 
introducing plate 254. Besides the foregoing arrangements, it is also allowable that the large screen 
display apparatus 250 is constructed by arranging, in a matrix form, display elements 252 without 
including any optical waveguide plate 12 on the plate surface of the large light-introducing plate 254. 

[0215] It is preferable that the light-introducing plate 254 has a refractive index which is similar to that of 
the optical waveguide plate 12. When the light-introducing plate 254 and the optical waveguide plates 12 
are stuck to one another, a transparent adhesive may be used. The adhesive preferably has a uniform and 
high transmittance in the visible light region, in the same manner as the optical waveguide plate 12 and 
the light-introducing plate 254. It is desirable for the adhesive to set its refractive index which is near to 
those of the light-introducing plate 254 and the optical waveguide plate 12 in order to ensure brightness of 
the screen. 

[0216] Next, methods for producing the display devices Da to Df according to the first to sixth 
embodiments will be explained with reference to FIGS. 26A to 62B. 

[0217] At first, in the first production method, as shown in FIG. 26A, the crosspiece 70 is formed, for 
example, by means of the film formation method at the portions on which the actuator element 14 is not 
formed, of the first principal surface of the actuator substrate 18. The material quality of the crosspiece 70 
is not specifically limited. However, it is preferable to use those having a hard hardness after the 
hardening. In the case of a resin, for example, it is preferable to use a thermosetting resin (for example, 
one-component or two-component epoxy resin). The thickness of the crosspiece is about 50 to 100 mu m. 

[0218] The film formation method includes, for example, the screen printing method, the photolithography 
method, and the film lamination method. 

[0219] The photolithography method includes, for example, a first method in which a film 120 to form the 
crosspiece 70 is exposed and developed so that the crosspiece 70 is formed as shown in FIGS. 27A to 
27C, and a second method in which a material 124 to form the crosspiece 70 is embedded in an opening 
122a of a mask 122 so that the crosspiece 70 is formed as shown in FIGS. 28A to 28C. 

[0220] The first method is carried out, for example, in accordance with the following procedure. At first, as 
shown in FIG. 27A, the film 120 to form the crosspiece 70 is uniformly applied to the entire surface of the 
actuator substrate 18. Subsequently, as shown in FIG. 27B, the film 120 to form the crosspiece 70 is 
selectively exposed through a mask 130 having an opening at the portion for forming the crosspiece 70. 
After that, as shown in FIG. 27C, the film 120 to form the crosspiece 70 is subjected to development. 
When the development is performed, then the exposed portion of the film 120 to form the crosspiece 70 
remains as the crosspiece 70, and the non-exposed portion is melted and removed. 

[0221] Those usable as the method for applying the film for constructing the crosspiece 70 includes, for 
example, application by printing, application by spinner, DIP (immersing method), roll coater, and glass 
press. It is also possible to apply a photosensitive film having the same function as that of the photoresist. 

[0222] On the other hand, the second method is carried out in accordance with the following procedure. At 
first, as shown in FIG. 28A, a photoresist material is applied, followed by execution of exposure and 
development to form a mask 122 based on the photoresist on the actuator substrate 18. The mask 122 
has an opening 122a at the portion for forming the crosspiece 70, 

[0223] Subsequently, as shown in FIG. 28B, a material 124 to form the crosspiece 70 is embedded in the 
opening 122a of the mask 112. After that, as shown in FIG. 28C, the mask 122 is removed. Thus, the 
crosspiece 70 is formed on the actuator substrate 18. 

[0224] In the first method (application method), the selectivity is low for the material for the film 120 for 
constructing the crosspiece 70, because of the condition of the exposure. However, in the second method 
(embedding method), it is unnecessary to consider the exposure or the photosensitive property. Therefore, 
the degree of freedom is improved for the selectivity for the material of the film 120 for constructing the 
crosspiece 70. 

[0225] The film lamination method is shown in FIG. 29. In this method, a film (film formed with a material to 
construct the crosspiece: dry film or the like) is previously subjected to cutting or stamping to prepare the 
crosspiece 70, and then the crosspiece 70 is laminated on the actuator substrate 18, for example, by the 
aid of an adhesive 132. When the crosspiece is laminated, for example, the vacuum packaging method or 
the laminate press method is used. 

[0226] In the ceramic sintering method, for example, a portion, which is used to form a first layer 
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crosspiece 70, is formed on the actuator substrate 18, for example, by means of the film formation 
method, followed by sintering to integrate the actuator substrate 18 and the first layer crosspiece 70 into 
one unit. 

[0227] The first production method will be explained again. As shown in FIG. 26B, the.respective pixel 
structures 102 are formed on the respective actuator elements 14 of the actuator substrate 18, for 
example, by means of the film formation method. The various methods as shown in FIGS. 27A to 29 are 
adoptable as the film formation method. 

[0228] As shown in FIG. 26C, before the crosspiece 70 and the pixel structure 102 on the actuator 
substrate 18 are hardened, the optical waveguide plate 12 is pressed against the crosspiece 70 and the 
pixel structure 102 on the actuator substrate 18. The optical waveguide plate 12 and the actuator 
substrate 18 are pressurized in the directions to make approach to one another. After that, the crosspiece 
. 70 and the pixel structure 102 are hardened in this state to complete the device. 

[0229] In the first production method, the actuator substrate 18 and the optical waveguide plate 12 are 
pressurized in the state in which at least the pixel structure 102 is not hardened. Therefore, the optical 
waveguide plate 12 presses the crosspiece 70 and the pixel structure 102 toward the actuator substrate 
18 during the pressurizing process. The previously formed crosspiece 70 serves as a spacer to define the 
thickness of the pixel structure 102. As a result, when at least the pixel structure 102 is hardened, the 
upper surface of the crosspiece 70 and the upper surface of the pixel structure 102 form a substantially 
identical surface. 

[0230] In this embodiment, a material, with which the pixel structure 102 is contracted upon the hardening 
of the pixel structure 102, is used as the constitutive material for the pixel structure 102. By doing so, it is 
possible to form a constant gap "g M between the pixel structure 102 and the optical waveguide plate 12 
during the hardening of the crosspiece 70 and the pixel structure 102. 

[0231] Another method is available to form the gap "g M - For example, when the optical waveguide plate 12 
is laminated and pressurized, then the pixel structure 102 may be heated and expanded, or the actuator 
element 14 may be displaced to allow the pixel structure 102 to make contact with the optical waveguide 
plate 12. The constant gap "g" is formed between the pixel structure 102 and the optical waveguide plate 
12 by the contraction of the pixel structure 102 or by the displacement reset (restoration) of the actuator 
element 14. 

[0232] Alternatively, it is possible to use the form in which the pixel structure 102 contacts with the optical 
waveguide plate 12 in the natural state. In this case, for example, as shown in FIG. 7, application may be 
made for the arrangement in which the pixel structure 102 makes displacement in the direction to make 
separation from the optical waveguide plate 12, concerning the displacement action of the actuator 
element 14. 

[0233] The pressurizing method for the actuator substrate 18 and the optical waveguide plate 12 includes 
various loading methods such as the loading based on the weight, the vacuum packaging method, the CIP 
method (hydrostatic pressure loading method), the loading based on the flip chip bonding, the constant 
value control, and the low pressure press method. 

[0234] Among them, the vacuum packaging method is shown in FIG. 30. In this method, the optical 
waveguide plate 12 is pressed against the actuator substrate 18, and they are placed in a vacuum 
packaging bag 140 to apply the vacuum to the bag 140. Thus, the actuator substrate 18 and the optical 
waveguide plate 12 are pressurized to one another. In this method, in order to suppress the generation of 
bubbles, it is preferable that an antifoaming agent is added to the adhesive and the pixel structure, and an 
antifoaming treatment is applied before the hardening process. 

[0235] In the vacuum packaging method shown in FIG. 30 and in the CIP method, the actuator substrate 
18 and the optical waveguide plate 12 can be uniformly pressurized even when the actuator substrate 18 
involves any warpage or waviness. Accordingly, the optical waveguide plate 12 and the actuator substrate 
18 are adapted to one another. Therefore, it is possible to form a constant gap "g" between all of the pixel 
structures 102 and the optical waveguide plate 12. It is noted that the vacuum packaging method may be 
combined with the CIP method. 

[0236] The low pressure press method is shown in FIG. 31. In this method, the optical waveguide plate 12 
is pressed against the actuator substrate 18, and they are placed between an upper die 142 and the lower 
die 144 to press them at a low pressure. In this method, the actuator substrate 18 is applied with a small 
stress. Therefore, the actuator element 14 can be prevented from damage or the like. 

[0237] The method, which uses the loading based on the flip chip bonding, is preferably used, because it 
is possible to effect the position control, the pressurizing control, and the heating. 

[0238] Next, the second production method will be explained with reference to FIGS. 32A to 32D. In the 
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second production method, the pixel structure 102 and the crosspiece 70 are formed on the optical 
waveguide plate 12, and the actuator substrate 18 is laminated and pressurized. 

[0239] At first, as shown in FIG. 32A, the plurality of crosspieces 70 are formed, for example, by means of 
the film formation method at the portions other than the portions corresponding to the large number of 
pixels, of the optical waveguide plate 12. After that, as shown in FIG. 32B ( the pixel structures 102 are 
formed, for example, by means of the film formation method at the portions corresponding to the large 
number of pixels, of the optical waveguide plate 12. 

[0240] As shown in FIG. 32C, an adhesive 150 is applied to the upper surfaces of the actuator elements 
14 and the positions corresponding to the crosspieces 70, of the first principal surface of the actuator 
substrate 18 previously formed with the actuator elements 14 at the portions corresponding to the pixels. 

[0241] After that, before the crosspieces 70 and the pixel structures 102 on the optical waveguide plate 12 
are hardened, the first principal surface side of the actuator substrate 18 is pressed against the 
crosspieces 70 and the pixel structures 102 on the optical waveguide plate 12. The optical waveguide 
plate 12 and the actuator substrate 18 are pressurized in the directions to make approach to one another. 
Subsequently, as shown in FIG. 32D, the crosspieces 70, the pixel structures 102, and the adhesive 150 
are hardened in this state to complete the device. 

[0242] According to the second production method, the pixel structure 102 is directly formed on the optical 
waveguide plate 12. Therefore, this method is advantageous in that the area of the pixel (contact area with 
respect to the optical waveguide plate 12) is easily defined. It is easy to obtain a uniform brightness for all 
of the pixels. 

[0243] Also in this embodiment, in the case of the form in which the pixel structure 102 contacts with the 
optical waveguide plate 12 when the actuator element 14 is in the natural state, as shown in FIG. 7, 
application may be made for the arrangement in which the pixel structure 102 makes displacement in the 
direction to make separation from the optical waveguide plate 12, concerning the displacement action of 
the actuator element 14. 

[0244] When the optical waveguide plate 12 is laminated and pressurized, then the pixel structure 102 
may be heated and expanded, or the actuator element 14 may be displaced to allow the pixel structure 
102 to make contact with the optical waveguide plate 12. By doing so, it is possible to form a constant gap 
"g" between the pixel structure 102 and the optical waveguide plate 12 during the hardening process for 
the crosspiece 70 and the pixel structure 102. 

[0245] Next, the third production method will be explained with reference to FIGS. 33A to 33C. In this third 
production method, the plate member 200 is once laminated on the actuator substrate 18 formed with the 
pixel structure 102 and the crosspiece 70 to obtain a substantially identical surface for the respective 
upper surfaces of the pixel structure 102 and the crosspiece 70. After that, the plate member 200 is 
removed, and the optical waveguide plate 12 is laminated. 

[0246] At first, as shown in FIG. 33A, the crosspiece 70 is formed, for example, by means of the film 
formation method at the portion formed with no actuator element 14, of the first principal surface of the 
actuator substrate 18. 

[0247] After that, as shown in FIG. 33B, the pixel structure 102 is formed, for example, by means of the 
film formation method on each of the actuator elements 14 of the actuator substrate 18. 

[0248] Subsequently, as shown in FIG. 33C, before the crosspiece 70 and the pixel structure 102 on the 
actuator substrate 18 are hardened, the plate member 200 is pressed against the crosspiece 70 and the 
pixel structure 102 on the actuator substrate 18. The plate member 200 and the actuator substrate 18 are 
pressurized in the directions to make approach to one another. After that, the crosspiece 70 and the pixel 
structure 102 are hardened in this state. 

[0249] Those usable as the plate member 200 include, for example, glass, ceramics, and metal. Among 
them, glass is used especially preferably, because it is easy to obtain a plate member having high surface 
smoothness and appropriate rigidity. 

[0250] The surface smoothness of the plate member is useful to improve the brightness of the pixel. 
Accordingly, those in which Ra < 0.1 mu m is given are preferably used. Especially, those in which Ra < 
0.01 mu m is given are more preferably used. 

[0251] The rigidity of the plate member is designed such that the pressurizing step causes no plastic 
deformation, and the elastic deformation effects adaptation to any warpage of the actuator substrate. For 
example, when glass is used for the plate member, and the vacuum packaging method is applied as the 
pressurizing method, then the thickness of the plate member is preferably about 0.5-fold to 10-fold as 
compared with the thickness of the actuator substrate. Especially preferably, the thickness of the plate 
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member is 1-fold to 5-fold. 

[0252] On the other hand, when the low pressure press method is used as the pressurizing method, it is 
preferable that the plate member is thick in the view of the rigidity and the easiness of handling, because 
the small amount of deformation of the plate member is preferred. 

[0253] As described above, those usable as the pressurizing method for the plate member 200 and the 
actuator substrate 18 include the various loading methods such as the loading based on the weight, the 
vacuum packaging method, the CIP method (hydrostatic pressure loading method), the loading based on 
the flip chip bonding, the constant value control, and the low pressure press method. 

[0254] When the plate member 200 is laminated on the actuator substrate 18 followed by the pressurizing 
process, the crosspiece 70, which has been formed on the actuator substrate 18, serves as a spacer to 
define the distance between the actuator substrate 18 and the plate member 200. The crosspiece 70 and 
the pixel structure 102 are hardened after the pressurizing or in the pressurized state. Therefore, the 
defined distance corresponds to the distance between the actuator substrate 18 and the optical wavequide 
plate 12. 

[0255] In this embodiment, a material, with which the pixel structure 102 is contracted during the 
hardening of the pixel structure 102, is used as the constitutive material for the pixel structure 102. By 
doing so, it is possible to form a constant gap "g" between the pixel structure 102 and the plate member 
200 during the hardening for the crosspiece 70 and the pixel structure 102. This fact is equivalent to the 
fact that the constant gap "g M is formed between the pixel structure 102 and the optical waveguide plate 



[0256] When the material, with which the pixel structure 102 is contracted during the hardening of the pixel 
structure 102, is not used, the gap "g" maybe formed as follows between the pixel structure 102 and the 
plate member 200 during the hardening of the crosspiece 70 and the pixel structure 102. That is, for 
example, when the plate member 200 is laminated and pressurized, then the pixel structure 102 may be 
heated and expanded, or the actuator element 14 may be displaced to allow the pixel structure 102 to 
make contact with the plate member 200. The constant gap "g" is formed between the pixel structure 102 
and the plate member 200 owing to the contraction of the pixel structure 102 or the displacement reset 
(restoration) of the actuator element 14, during the hardening of the crosspiece 70 and the pixel structure 
102 effected thereafter. 



[0257] Alternatively, when the pixel structure 102 contacts with the optical waveguide plate 12 in the 
natural state, for example, as shown in FIG. 7, application may be made for the arrangement in which the 
pixel structure 102 makes displacement in the direction to make separation from the optical waveguide 
plate 12, concerning the displacement action of the actuator element 14. 

[0258] When a smooth plate member is used as the plate member 200, a smooth surface, which is 
equivalent to the surface of the plate member 200, is formed on the surface of the pixel structure 102. The 
excellent smoothness is useful to improve the brightness upon light emission effected by the pixel. 

[0259] As shown in FIG. 34, when a plate member, which has a plurality of projections 202 at the 
corresponding portions with respect to the pixel structure 102, is used as the plate member 200, recesses 
110, which correspond to the projections 202, are formed on the surface of the pixel structure 102 during 
the pressurizing process for the plate member 200 and the actuator substrate 18. Thus, it is possible to 
produce the display device Dc according to the third embodiment shown in FIG. 21. 

[0260] As shown in FIG. 35, when a plate member, which has a projection 204 at each of the portions 
corresponding to the circumferential edge of the pixel structure 102, is used as the plate member 200, the 
step 1 12, which corresponds to the projection 204, is formed at the circumferential edge of the pixel 
structure 102 during the pressurizing process for the plate member 200 and the actuator substrate 18. 
Thus, it is possible to produce the display device Dd according to the fourth embodiment shown in FIG. 



[0261] As shown in FIG. 36, when a plate member, which has a convex configuration 206 at each of the 
portions corresponding to the pixel structure 102, is used as the plate member 200, the concave 
configuration 114, which corresponds to the convex configuration 206, is formed on the surface of the 
pixel structure 102 during the pressurizing process for the plate member 200 and the actuator substrate 
18. Thus, it is possible to produce the display device De according to the fifth embodiment shown in FIG. 
23. 



[0262] As shown in FIG. 37, a plate member, which has a plurality of projections 208 at the portions 
corresponding to the crosspieces 70 respectively, is used as the plate member 200, the upper end of the 
pixel structure 102 is formed to be higher than the upper end of the crosspiece 70 during the pressurizing 
process for the plate member 200 and the actuator substrate 18. In this arrangement, the contact of the 
pixel structure 102 with respect to the optical waveguide plate 12 is made in a more complete manner, for 
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example, in the display device Da shown in FIG. 7 which exhibits the ON state in the natural state. It is a 
matter of course that this arrangement is also preferably applicable to those having no gap-forming layer 
50 concerning the display device Da shown in FIG. 7. 

[0263] Another effect is also obtained. That is, it is possible to form a thick gap-forming layer 50. 
Therefore, when the gap-forming layer 50 functions as a light-absorbing layer, this arrangement is 
effective to improve the image quality such as the contrast. Further, it is possible to widen the range of 
material selection for the gap-forming layer 50. Of course, this arrangement is also applicable to the 
display device of the type in which the pixel structure 102 is separated from the optical waveguide plate 12 
in the natural state. 

[0264] On the other hand, when a plate member, which has a plurality of recesses at the portions 
corresponding to the crosspieces 70 respectively, is utilized as the plate member 200, the upper end of 
the pixel structure 102 is formed to be lower than the upper end of the crosspiece 70 during the 
pressurizing process for the plate member 200 and the actuator substrate 18. In this arrangement, a 
precise gap "g" can be formed even in the case of the form in which the gap-forming layer 50 is not 
provided. 

[0265] The projections 202 of the plate member 200 or the like shown in FIGS. 34 to 37 is equivalent^ 
applicable to the fourth production method and the followings as described later on. 

[0266] After that, as shown in FIG. 38A, the plate member 200 is removed, and then an adhesive 210 is 
applied to the upper surface of the crosspiece 70 on the actuator substrate 18, for example, by means of 
the film formation method. 

[0267] It is preferable to use an adhesive having high light-absorbing performance, because it is 
necessary to suppress the light scattering. For example, it is desirable to use an adhesive added with 
carbon black, black pigment, or black dye. 

[0268] As shown in FIG. 38B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspiece 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. Subsequently, 
the adhesive 210 is hardened in this state to complete the device. 

[0269] As described above, those preferably usable as the pressurizing method for the optical waveguide 
plate 12 and the actuator substrate 18 include the various loading methods such as the loading based on 
the weight, the vacuum packaging method, the CIP method (hydrostatic pressure loading method), the 
loading based on the flip chip bonding, the constant value control, and the low pressure press method. 

[0270] As described above, it is preferable to use the plate member 200 having the projection 202, 204, 
206 on the surface, concerning the method for forming the recess 1 10 or the step 1 12 on the surface of 
the pixel structure 102, or for forming the concave configuration 114 on the surface of the pixel structure 
102. For this purpose, it is preferable to use the method in which the metal film or the resist film is formed 
in accordance with the ordinary thin film formation method on the plate member 200 composed of glass. 
This method is advantageous in that the pattern and the height of the projection 202, 204, 206 can be 
freely changed. It is preferable that the height of the projection 202, 204, 206 is about 0.1 to 2 mu m. 

[0271] Concerning the above, another method, which is based on the plane polishing for the surface of the 
pixel structure 102 or the surface processing based on the laser, can be also used as the method for 
forming the recess 1 10 or the step 1 12 on the surface of the pixel structure 102. The laser processing is 
not limited to the formation of the recess 1 1 0 and the step 1 1 2, but it also has an effect of surface 
improvement by the aid of the heating. Further, it is possible to arbitrarily design the processing pattern. 
Therefore, the laser processing is used especially preferably. 

[0272] On the other hand, the method for forming the concave configuration 1 14 on the surface of the pixel 
structure 102 is not limited to the methods described above. Besides, there are a method of heating, and a 
method of previously applying a voltage to the actuator element 14 during the hardening process for the 
pixel structure 102. There are a method in which the heating is performed during the figuring hardening 
with the plate member 200, and a method in which the heating is performed after the removal of the plate 
member 200. These methods can be selected depending on the material quality of the pixel structure 102. 
A heating temperature of 15 DEG C to 150 DEG C is used. Especially, a heating temperature of 20 DEG 
C to 80 DEG C is preferably used. 

[0273] Next, the fourth production method will be explained with reference to FIGS. 39A to 39D. In the 
fourth production method, the pixel structure 102 and the crosspiece 70 are formed on the plate member 
200, and they are hardened respectively. After that, the actuator substrate 18 is laminated. Subsequently, 
the plate member 200 is removed, and the optical waveguide plate 12 is laminated. 

[0274] At first, as shown in FIG. 39A, the crosspiece 70 is formed, for example, by means of the film 
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formation method at the portions other than the portions corresponding to the large number of pixels, of 
the plate member 200, and then the crosspiece 70 is hardened. Subsequently, as shown in FIG. 39B, the 
pixel structure 102 is formed, for example, by means of the film formation method at the portions 
corresponding to the large number of pixels, of the plate member 200, and then the pixel structure 102 is 
hardened. 

[0275] After that, as shown in FIG. 39C, an adhesive 212 is applied to the upper surface of the actuator 
element 14 and the position corresponding to the crosspiece 70, of the first principal surface of the 
actuator substrate 18 previously formed with the actuator elements 14 at the corresponding portions. 

[0276] After that, before the adhesive 212 is hardened, the first principal surface side of the actuator 
substrate 18 is pressed against the crosspiece 70 and the pixel structure 102 on the plate member 200. 
The plate member 200 and the actuator substrate 18 are pressurized in the directions to make approach 
to one another. Subsequently, the adhesive 212 is hardened in this state. 

[0277] After that, as shown in FIG. 39D, the plate member 200 is removed. At this point of time, the 
crosspiece 70 and the pixel structure 102, which have been formed on the plate member 200 are 
transferred to the actuator substrate 18. Therefore, as shown in FIG. 39A, for example, it is preferable that 
a releasing agent is applied to the plate member 200 before the crosspiece 70 and the pixel structure 1 02 
are formed on the plate member 200, because of the following reason. That is, the pixel structure 102 and 
the crosspiece 70 can be smoothly transferred to the actuator substrate 18. 

[0278] After that, as shown in FIG. 38A, the adhesive 210 is applied, for example, by means of the film 
formation method on the upper surface of the crosspiece 70 on the actuator substrate 18. 

[0279] As shown in FIG. 38B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspiece 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized to make approach to one another. After that, the adhesive 210 is 
hardened in this state to complete the device. 

[0280] The embodiment shown in FIGS. 38A and 38B is illustrative of the case in which the optical 
waveguide plate 12 is directly laminated on the upper surface of the crosspiece 70. Alternatively, it is also 
possible to adopt a method shown in FIGS. 40A and 40B. 

[0281] That is, as shown in FIG. 40A, the adhesive 210 is applied, for example, by means of the film 
formation method to the upper surface of the crosspiece 70 on the actuator substrate 18. 

[0282] As shown in FIG. 40B, the gap-forming layer 50 is previously formed, for example, by means of the 
film formation method at the portions corresponding to the crosspiece, of the optical waveguide plate 12. 
Before the adhesive 210 is hardened, the optical waveguide plate 12 is pressed against the crosspiece 70 
on the actuator substrate 18 (the gap-forming layer 50 is pressed against the crosspiece 70). The optical 
waveguide plate 12 and the actuator substrate 18 are pressurized in the directions to make approach to 
one another. After that, the adhesive 210 is hardened in this state to complete the device. 

[0283] As shown in FIGS. 40A and 40B, when the gap-forming layer 50 is provided, it is easier to obtain 
the uniform gap "g" for all of the pixels between the pixel structure 102 and the optical waveguide plate 12. 
It is also possible to easily control the size of the gap M g". 

[0284] Next, the fifth production method will be explained with reference to FIGS. 41 A to 41C. In the fifth 
production method, the pixel structure 102 is formed on the optical waveguide plate 12, and the 
crosspiece 70 is formed on the actuator substrate 18. After that, the optical waveguide plate 12 and the 
actuator substrate 18 are laminated and pressurized. 

[0285] At first, as shown in FIG. 41A, the pixel structures 102 are formed, for example, by means of the 
film formation method at the portions corresponding to the large number of pixels, of the optical waveguide 
plate 12. Subsequently, as shown in FIG. 41 B, the crosspiece 70 is formed, for example, by means of the 
film formation method at the portions formed with no actuator element 14, of the first principal surface of 
the actuator substrate 18. After that, an adhesive 210 is applied, for example, by means of the film 
formation method to the upper surface of the crosspiece 70 on the actuator substrate 18. 

[0286] As shown in FIG. 41 C, before the adhesive 210 is hardened, the surface of the actuator substrate 
18 formed with the crosspiece 70 and the surface of the optical waveguide plate 12 formed with the pixel 
structure 102 are laminated with each other. The optical waveguide plate 12 and the actuator substrate 18 
are pressurized in the directions to make approach to one another. After that, the adhesive 210 is 
hardened in this state to complete the device. 

[0287] According to the fifth production method, the formation of the pixel structure 102 and the formation 
of the crosspiece 70 can be carried out in the mutually independent steps. Therefore, the range of material 
selection is widened concerning the pixel structure 102 and the crosspiece 70, and it is possible to reduce 
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the production cost and the number of production steps. Further, the pixel structure 102 is formed on the 
optical waveguide plate 12 which has high flatness. Therefore, it is possible to obtain a uniform size of the 
pixel structure 102. 

[0288] Next, the sixth production method will be explained with reference to FIGS. 42A to 42C. In the sixth 
production method, the crosspiece 70 is formed on the optical waveguide plate 12, and the pixel structure 
102 is formed on the actuator substrate 18. After that, the optical waveguide plate 12 and the actuator 
substrate 18 are laminated and pressurized. 

[0289] At first, as shown in FIG. 42A, the plurality of crosspieces 70 are formed, for example, by means of 
the film formation method at the portions other than the portions corresponding to the large number of 
pixels, of the optical waveguide plate 12. Subsequently, as shown in FIG. 42B, the pixel structures 102 are 
formed, for example, by means of the film formation method on the actuator elements 14 of the first 
principal surface of the actuator substrate 18. After that, an adhesive 212 is applied, for example, by 
means of the film formation method to the upper surfaces of the crosspieces 70 on the optical waveguide 
plate 12. Alternatively, the adhesive 212 is formed, for example, by means of the film formation method on 
the portions formed with no actuator element 14, of the first principal surface of the actuator substrate 18. 

[0290] After that, as shown in FIG. 42C, before the adhesive 212 is hardened, the surface of the actuator 
substrate 18 formed with the pixel structure 102 and the surface of the optical waveguide plate 12 formed 
with the crosspiece 70 are laminated with each other. The optical waveguide plate 12 and the actuator 
substrate 18 are pressurized in the directions to make approach to one another. After that, the adhesive 
210 is hardened in this state to complete the device. 

[0291] Also in the sixth production method, the formation of the pixel structure 102 and the formation of the 
crosspiece 70 can be carried out in the mutually independent steps. Therefore, the range of material 
selection is widened concerning the pixel structure 102 and the crosspiece 70, and it is possible to reduce 
the production cost and the number of production steps. Further, the crosspiece 70 is formed on the 
optical waveguide plate 12 which has high flatness. Therefore, it is possible to obtain a strictly uniform size 
of the crosspiece 70. Furthermore, no obstacle (for example, the crosspiece 70) exists when the pixel 
structure 102 is formed. Therefore, the pixel structure 102 can be formed accurately. 

[0292] Next, the seventh production method will be explained with reference to FIGS. 43A and 43B. In the 
seventh production method, the pixel structure 102 is formed on the actuator substrate 18 which has been 
previously provided with the crosspiece 70 in the integrated manner. After that, the optical waveguide 
plate 12 is laminated and pressurized. 

[0293] At first, as shown in FIG. 43A, the pixel structures .102 are formed on the respective actuator 
elements 14 of the actuator substrate 18 which integrally includes the plurality of crosspieces 70 at the 
portions other than the actuator elements 14. Subsequently, an adhesive 210 is formed, for example, by 
means of the film formation method on the upper surfaces of the crosspieces 70 on the actuator substrate 



[0294] As shown in FIG. 43B, before the crosspieces 70 and the pixel structures 102 on the actuator 
substrate 18 are hardened, the optical waveguide plate 12 is pressed against the crosspieces 70 and the 
pixel structures 102 on the actuator substrate 18. The optical waveguide plate 12 and the actuator 
substrate 18 are pressurized in the directions to make approach to one another. After that, the crosspieces 
70 and the pixel structures 102 are hardened in this state to complete the device. 

[0295] In the seventh production method, the actuator substrate 18, which previously has the crosspieces 
70 in the integrated manner, is used as the actuator substrate 18. Therefore, the mechanical strength of 
the portion of the crosspiece 70 is high. Accordingly, the rigidity of the actuator substrate 18 is enhanced. 
As a result, for example, when the actuator substrate 18 is carried or stored, the crosspiece 70 can be 
used to protect the actuator element 14, especially the vibrating section 22 formed on the actuator 
substrate 18. The step of hardening the crosspiece 70 can be omitted, as compared with the case in which 
the crosspiece 70 is formed separately. Thus, it is possible to reduce the number production steps. 

[0296] Next, the eighth production method will be explained with reference to FIGS. 44A to 45B. In the 
eighth production method, the crosspiece 70 is formed on the actuator substrate 18, and the pixel 
structure 102 is formed on the plate member 200. The actuator substrate 18 and the plate member 200 
are laminated and pressurized. After that, the plate member 200 is removed, and the optical waveguide 
plate 12 is laminated and pressurized. 

[0297] At first, as shown in FIG. 44A, the pixel structures 102 are formed at the portions corresponding to 
the large number of pixels, of the plate member 200. Subsequently, as shown in FIG. 44B, the plurality of 
crosspieces 70 are formed at the portions other than the actuator elements 14, of the actuator substrate 



[0298] Subsequently, as shown in FIG. 44C, before the crosspieces 70 and the pixel structures 102 on the 
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actuator substrate 18 are hardened, the surface of the actuator substrate 18 formed with the crosspieces 
70 and the surface of the plate member 200 formed with the pixel structures 102 are laminated with each 
other. The plate member 200 and the actuator substrate 18 are pressurized in the directions to make 
approach to one another. After that, the crosspieces 70 and the pixel structures 102 are hardened in this 
state. 

[0299] After that, as shown in FIG. 45A, the plate member 200 is removed, and the pixel structures 102 
are transferred to the actuator substrate 18. Subsequently, an adhesive 210 is applied, for example, by 
means of the film formation method to the upper surfaces of the crosspieces 70 on the actuator substrate 
18. 

[0300] As shown in FIG. 45B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device. 

[0301] In this embodiment, the formation of the pixel structure 102 and the formation of the crosspiece 70 
can be carried out in the mutually independent steps. Therefore, the range of material selection is widened 
concerning the pixel structure 102 and the crosspiece 70, and it is possible to reduce the production cost 
and the number of production steps. Further, the pixel structure 102 is formed on the plate member 200 
which has high flatness. Therefore, it is possible to obtain a uniform size of the pixel structure 102. 

[0302] Next, the ninth production method will be explained with reference to FIGS. 46A to 47B. In the ninth 
production method, the pixel structure 102 is formed on the actuator substrate 18, and the crosspiece 70 
is formed on the plate member 20. The actuator substrate 18 and the plate member 200 are laminated 
and pressurized. After that, the plate member 200 is removed, and the optical waveguide plate 12 is 
laminated and pressurized. 

[0303] At first, as shown in FIG. 46A, the crosspieces 70 are formed at the portions other than the portions 
corresponding to the large number of pixels, of the plate member 200. Subsequently, as shown in FIG. 
46B, the pixel structures 102 are formed on the respective actuator elements 14 of the actuator substrate 
18. After that, an adhesive 212 is formed, for example, by means of the film formation method on the lower 
surfaces of the crosspieces 70 formed on the plate member 200. The adhesive 212 may be applied to the 
portions other than the actuator elements 14 of the actuator substrate 18, not to the upper surfaces of the 
crosspieces 70. 

[0304] Subsequently, as shown in FIG. 46C, before the pixel structures 102 on the actuator substrate 18 
are hardened, the surface of the actuator substrate 18 formed with the pixel structures 102 and the 
surface of the plate member 200 formed with the crosspieces 70 are laminated with each other. The plate 
member 200 and the actuator substrate 18 are pressurized in the directions to make approach to one 
another. After that, the pixel structures 102 are hardened in this state. 

[0305] After that, as shown in FIG. 47A, the plate member 200 is removed, and the crosspieces 70 are 
transferred to the actuator substrate 18. Subsequently, an adhesive 210 is applied, for example, by means 
of the film formation method to the upper surfaces of the crosspieces 70 on the actuator substrate 18. 

[0306] As shown in FIG. 47B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device. 

[0307] Also in this embodiment, the formation of the pixel structure 102 and the formation of the 
crosspiece 70 can be carried out in the mutually independent steps. Therefore, the range of material 
selection is widened concerning the pixel structure 102 and the crosspiece 70, and it is possible to reduce 
the production cost and the number of production steps. Further, the crosspiece 70 is formed on the plate 
member 200 which has high flatness. Therefore, it is possible to obtain a strictly uniform size of the 
crosspiece 70. Furthermore, no obstacle (for example, the crosspiece 70) exists when the pixel structure 
102 is formed. Therefore, the pixel structure 102 can be formed accurately. 

[0308] Especially, the ninth production method is preferably used to form the crosspiece 70 having the 
stripe-shaped opening 220 as shown in FIG. 13, and the line-shaped crosspiece 70 as shown in FIG. 14. 
That is, the film is punched and processed to form the stripe-shaped opening 220, or the film is finely cut 
into the line-shaped configuration. 

[0309] Subsequently, as shown in FIG. 48, the crosspiece 70 composed of the film is laminated on the 
plate member 200 by utilizing the surface tension of the liquid (for example, water). After that, the process 
leads to the step shown in FIG. 46A. In this case, the crosspiece 70 is merely affixed to the plate member 
200 by the aid of only the surface tension of the liquid. Therefore, it is easy to remove the plate member 
200 thereafter. 
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[0310] Next, the tenth production method will be explained with reference to FIGS. 49A to SOB. In the tenth 
production method, the pixel structure 102 is formed on the actuator substrate 18. After that, the actuator 
substrate 18 is laminated with the jig 234 including the large number of size-defining members 232 
provided on the plate member 230, and they are pressurized. Thus, the size of the pixel structure 102 is 
defined. Subsequently, the jig 234 is removed, and the crosspiece 70 is formed on the actuator substrate 
18. After that, the optical waveguide plate 12 is laminated and pressurized. 

[031 1] At first, as shown in FIG. 49A, the pixel structures 102 are formed on the respective actuator 
elements 14 of the actuator substrate 18. 

[0312] After that, as shown in FIG. 49B, the jig 234 is prepared, which includes, on one surface of the 
plate member 230, the large number of size-defining members 232 having approximately the same height 
as that of the crosspieces 70 to be formed on the actuator substrate 18. The surface of the jig 234 formed 
with the size-defining members 232 and the surface of the actuator substrate 18 formed with the pixel 
structures 102 are laminated with each other. The jig 234 and the actuator substrate 18 are pressurized in 
the directions to make approach to one another. After that, the pixel structures 102 are hardened in this 
state. 

[0313] Subsequently, as shown in FIG. 49C, the jig 234 is removed. After that, as shown in FIG. 50A, the 
plurality of crosspieces 70 are formed at the portions other than the actuator elements 14, of the actuator 
substrate 18. Subsequently, an adhesive 210 is applied, for example, by means of the film formation 
method to the upper surfaces of the crosspieces 70 on the actuator substrate 18. 

[0314] As shown in FIG. 50B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. Subsequently, 
the adhesive 210 is hardened in this state to complete the device. 

[0315] In the tenth production method, for example, when the jig 234 is formed by using a member having 
rigidity such as metal, it is possible to reduce the waviness of the actuator substrate 18 formed with the 
pixel structures 102, by laminating and pressurizing the jig 234 and the actuator substrate 18. It is possible 
to form the crosspiece 70 highly accurately in the step of forming the crosspiece 70 performed thereafter. 

[0316] Next, the eleventh production method will be explained with reference to FIGS. 51 A to 52B. In the 
eleventh production method, the pixel structures 102 are formed on the actuator substrate 18, and then 
the actuator substrate 18 and the jig 234 including, on the plate member 230, the large number of size- 
defining members 232 are laminated and pressurized with each other. Thus, the size of the pixel structure 
102 is defined. After the jig 234 is removed, the crosspieces 70 are formed on the optical waveguide plate 
12. The optical waveguide plate 12 and the actuator substrate 18 are laminated with each other. 

[0317] At first, as shown in FIG. 51 A, the pixel structures 102 are formed on the respective actuator 
elements 14 of the actuator substrate 18. 

[0318] After that, as shown in FIG. 51 B, the jig 234 is prepared, which includes the large number of size- 
defining members 2332 having approximately the same height as that of the crosspieces 70 to be formed 
on the actuator substrate 18, the size-defining members 232 being formed on one surface of the plate 
member 230. The surface of the jig 234 formed with the size-defining members 232 and the surface of the 
actuator substrate 18 formed with the pixel structures 102 are laminated with each other. The jig 234 and 
the actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
pixel structures 102 are hardened in this state. 

[0319] Subsequently, as shown in FIG. 51C, the jig 234 is removed, and then the crosspieces 70 are 
formed at the portions other than the portions corresponding to the large number of pixels, of the optical 
waveguide plate 12 as shown in FIG. 52A. After that, an adhesive 212 is applied, for example, by means 
of the film formation method to the lower surfaces of the crosspieces 70 on the plate member 70. 

[0320] As shown in FIG. 52B, before the adhesive 212 is hardened, the surface of the actuator substrate 
18 formed with the pixel structures 102 and the surface of the optical waveguide plate 12 formed with the 
crosspieces 70 are laminated with each other. The optical waveguide plate 12 and the actuator substrate 
18 are pressurized in the directions to make approach to one another. After that, the adhesive 212 is 
hardened in this state to complete the device. 

[0321] Also in the eleventh production method, for example, when the jig 234 is formed by using a 
member having rigidity such as metal, it is possible to reduce the waviness of the actuator substrate 18 
formed with the pixel structures 102, by laminating and pressurizing the jig 234 and the actuator substrate 
18. It is possible to carry out the lamination with the optical waveguide plate 12 highly accurately 
performed thereafter. 
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[0322] The gap-forming layer 50 may be provided on the optical waveguide plate 12. In this arrangement, 
the gap amount can be easily adjusted by controlling the difference between the height of the crosspiece 
70 and the height of the size-defining member 232. 

[0323] Next, the twelfth production method will be explained with reference to FIGS. 53A to 54B. In the 
twelfth production method, the pixel structure 102 is formed on the actuator substrate 18, and the 
crosspiece 70 is formed on the jig 234 including, on the plate member 230, the large number of size- 
defining members 232. The actuator substrate 18 and the jig 234 are laminated and pressurized so that 
the size of the crosspiece 70 and the pixel structure 102 is defined. After that, the jig 234 is removed. The 
crosspiece 70 is transferred to the actuator substrate 18, and then the optical waveguide plate 12 is 
laminated. 

[0324] At first, as shown in FIG. 53A, the plurality of crosspieces 70 are formed at the portions formed with 
no size-defining member 232, of the surface of the jig 324 formed with the size-defining members 232, the 
portions being other than the portions corresponding to the large number of pixels. After that, an adhesive 
212 is applied, for example, by means of the film formation method to the lower surfaces of the 
crosspieces 70 formed on the jig 234. 

[0325] The pixel structures 102 are formed on the respective actuator elements 14 of the actuator 
substrate 18. 

[0326] Subsequently, as shown in FIG. 53B, before the pixel structures 102 on the actuator substrate 18 
are hardened, the surface of the actuator substrate 18 formed with the pixel structures 102 and the 
surface of the jig 234 formed with the crosspieces are laminated with each other. The jig 234 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another, and then the 
pixel structures 102 are hardened in this state. 

[0327] After that, as shown in FIG. 53C, the jig 234 is removed, and the crosspieces 70 are transferred to 
the actuator substrate. Subsequently, as shown in FIG. 54A, the adhesive 210 is applied, for example, by 
means of the film formation method to the upper surfaces of the crosspieces 70 on the actuator substrate 
18. 

[0328] As shown in FIG. 54B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device, 

[0329] Also in this embodiment, for example, when the jig 234 is formed by using a member having rigidity 
such as metal, it is possible to reduce the waviness of the actuator substrate 18 formed with the pixel 
structures 102, by laminating and pressurizing the jig 234 and the actuator substrate 18. It is possible to 
form the crosspiece 70 and the pixel structure 102 highly accurately. 

[0330] Next, the thirteenth production method will be explained with reference to FIGS. 55A to 56B. In the 
thirteenth embodiment, the pixel structure 102 and the crosspiece 70 are formed on the actuator substrate 
18. The actuator substrate 18 and the jig 234 provided with the large number of size-defining members 
232 on the plate member 230 are laminated and pressurized. Thus, the size of the crosspiece 70 and the 
pixel structure 102 is defined. After that, the jig 234 is removed, and the optical waveguide plate 12 is 
laminated. 

[0331] At first, as shown in FIG. 55A, the crosspieces 70 are formed, for example, by means of the film 
formation method at the portions formed with no actuator element 14, of the first principal surface of the 
actuator substrate 18. The pixel structures 1 02 are formed, for example, by means of the film formation 
method on the respective actuator elements 14, of the actuator substrate 1 8. 

[0332] After that, as shown in FIG. 55B, before the crosspieces 70 and the pixel structures 102 on the 
actuator substrate 18 are hardened, the jig 234 is pressed against the crosspieces 70 and the pixel 
structures 102 on the actuator substrate 18. The jig and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the crosspieces 70 and the pixel structures 102 are 
hardened in this state. 

[0333] Subsequently, as shown in FIG. 55C, the jig 234 is removed. After that, as shown in FIG. 56A, an 
adhesive 21 0 is applied, for example, by means of the film formation method to the upper surfaces of the 
crosspieces 70 on the actuator substrate 18. 

[0334] As shown in FIG. 56B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device. 
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[0335] Also in this embodiment, for example, when the jig 234 is formed by using a member having rigidity 
such as metal, it is possible to reduce the waviness of the actuator substrate 18 formed with the pixel 
structures 102 and the crosspieces 70, by laminating and pressurizing the jig 234 and the actuator 
substrate 18. It is possible to form the crosspiece 70 and the pixel structure 102 highly accurately. 

[0336] Next, the fourteenth production method will be explained with reference to FIGS. 57A to 58B. In the 
fourteenth production method, the crosspieces 70 are formed on the actuator substrate 18. The pixel 
structures 102 are formed on the jig including, on the plate member 230, the large number of size-defining 
members 232. The actuator substrate 18 and the jig 234 are laminated and pressurized. Thus, the size of 
the crosspiece 70 and the pixel structure 102 is defined. After that, the jig 234 is removed, and the pixel 
structures 102 are transferred to the actuator substrate 18. Subsequently, the optical waveguide plate 12 
is laminated. 

[0337] At first, as shown in FIG. 57A, the pixel structures 102 are formed at the portions corresponding to 
the large number of pixels, the portions being formed with no size-defining member 232, of the surface of 
the jig 234 formed with the size-defining members 232. The plurality of crosspieces 70 are formed at the 
portions other than the actuator elements 14 of the actuator substrate 18. 

[0338] After that, as shown in FIG. 57B, before the crosspieces 70 formed on the actuator substrate 18 
and the pixel structures 102 formed on the jig 234 are hardened, the surface of the jig 234 formed with the 
pixel structures 1 02 and the surface of the actuator substrate 18 formed with the crosspieces 70 are 
laminated with each other. The jig 234 and the actuator substrate 18 are pressurized in the directions to 
make approach to one another. Subsequently, the crosspieces 70 and the pixel structures 102 are 
hardened in this state. 

[0339] After that, as shown in FIG. 57C, the jig 234 is removed, and the pixel structures 102 are 
transferred to the actuator substrate 18. Subsequently, as shown in FIG. 58A, an adhesive 210 is applied, 
for example, by means of the film formation method to the upper surfaces of the crosspieces 70 on the 
actuator substrate 18. 

[0340] As shown in FIG. 58B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device. 

[0341] Also in this embodiment, for example, when the jig 234 is formed by using a member having rigidity 
such as metal, it is possible to reduce the waviness of the actuator substrate 18 formed with the pixel 
structures 102, by laminating and pressurizing the jig 234 and the actuator substrate 18. It is possible to 
form the crosspiece 70 and the pixel structure 102 highly accurately. 

[0342] Next, the fifteenth production method will be explained with reference to FIGS. 59A to 60B. In the 
fifteenth production method, the crosspieces 70 and the pixel structures 102 are formed on the jig 234 
including, on the plate member 230, the large number of size-defining members 232. The jig 234 and the 
actuator substrate 18 are laminated and pressurized with each other. Thus, the size of the crosspiece 70 
and the pixel structure 102 is defined. After that, the jig 234 is removed, and the crosspieces 70 and the 
pixel structures 102 are transferred to the actuator substrate 18. Subsequently, the optical waveguide 
plate 12 is laminated. 

[0343] At first, as shown in FIG. 59A, the plurality of crosspieces 70 are formed at the portions formed with 
no size-defining member 232, of the surface of the jig 234 formed with the size-defining members 232, the 
portions being other than the portions corresponding to the large number of pixels. The pixel structures 
102 are formed at the portions formed with no size-defining member 232, of the surface of the jig 234 
formed with the size-defining members 232, the portions corresponding to the large number of pixels. 

[0344] After that, as shown in FIG. 59B, before the crosspieces 70 and the pixel structures 102 formed on 
the jig 234 are hardened, the jig 234 and the actuator substrate 18 are laminated with each other. The jig 
234 and the actuator substrate 18 are pressurized in the directions to make approach to 'one another. After 
that, the crosspieces 70 and the pixel structures 102 are hardened in this state. 

[0345] Subsequently, as shown in FIG. 59C, the jig 234 is removed, and the crosspieces and the pixel 
structures 102 are transferred to the actuator substrate 18. After that, as shown in FIG. 60A, an adhesive 
210 is applied, for example, by means of the film formation method to the upper surfaces of the actuator 
substrate 18. 

[0346] As shown in FIG. 60B, before the adhesive 210 is hardened, the optical waveguide plate 12 is 
pressed against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the 
actuator substrate 18 are pressurized in the directions to make approach to one another. After that, the 
adhesive 210 is hardened in this state to complete the device. 
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[0347] Also in this embodiment, for example, when the jig 234 is formed by using a member having rigidity 
such as metal, it is possible to reduce the waviness of the actuator substrate 18 by laminating and 
pressurizing the jig 234 and the actuator substrate 18. It is possible to transfer and form the crosspiece 70 
and the pixel structure 102 highly accurately on the actuator substrate 18. 

[0348] Next, the sixteenth production method will be explained with reference to FIGS. 61A to 62B. In the 
sixteenth production method, the pixel structures 102 are formed on the actuator substrate 18 which 
includes the crosspieces 70 in the integrated manner. After that, the plate member 200 is laminated on the 
actuator substrate 18. Subsequently, the plate member 200 is removed, and the optical waveguide plate 
12 is laminated. 

[0349] At first, as shown in FIG. 61 A, the pixel structures 102 are formed on the respective actuator 
elements 14 of the actuator substrate 18 which integrally includes the plurality of crosspieces 70 at the 
portions other than the actuator elements 14. 

[0350] After that, as shown in FIG. 61 B, before the pixel structures 102 on the actuator substrate 18 are 
hardened, the plate member 200 is pressed against the crosspieces 70 and the pixel structures 102 on the 
actuator substrate 18. The plate member 200 and the actuator substrate 18 are pressurized in the 
directions to make approach to one another. After that, the pixel structures 102 are hardened in this state. 

[0351] Subsequently, as shown in FIG. 62A, after the plate member 200 is removed, an adhesive 210 is 
applied, for example, by means of the film formation method to the upper surfaces of the crosspieces 70 
on the actuator substrate 18. 

[0352] As shown in FIG. 62B, before the adhesive is hardened, the optical waveguide plate 12 is pressed 
against the crosspieces 70 on the actuator substrate 18. The optical waveguide plate 12 and the actuator 
substrate 18 are pressurized in the directions to make approach to one another. After that, the adhesive 
210 is hardened in this state to complete the device. 

[0353] In this embodiment, the actuator substrate 18, which previously has the crosspieces 70 in the 
integrated manner, is used as the actuator substrate 18. Therefore, for example, when the actuator 
substrate 18 is carried or stored, the crosspieces 70 can be used to protect the actuator elements 14 
formed on the actuator substrate 18. Further, the step of hardening the crosspiece 70 can be omitted, as 
compared with the case in which the crosspiece 70 is separately formed. Accordingly, it is possible to 
reduce the number of production steps. 

[0354] In the respective embodiments described above, it is also possible that the crosspiece 70 has the 
multiple layered structure. In this arrangement, the crosspiece 70 having the multiple layered structure can 
be formed by using the film formation method. In addition thereto, for example, the crosspiece having the 
multiple layered structure can be also formed in accordance with a method in which, for example, the 
ceramic sintering method and the film formation method are combined with each other. The crosspiece 70 
having the multiple layered structure is advantageous to adjust the amount of gap. 

[0355] Further, for example, when the adhesive is applied onto the crosspiece 70, for example, an 
adhesive having light-absorbing property is used. By doing so, the adhesive may be allowed to play the 
role of the gap-forming layer 50. When the adhesive is applied onto the pixel structure 102 or the actuator 
element 14, for example, an adhesive having light-reflective property is used. By doing so, the adhesive 
may be allowed to function as a part of the pixel structure 102. 

[0356] It is a matter of course that the display device and the method for producing the same according to 
the present invention are not limited to the embodiments described above, which may be embodied in 
other various forms without deviating from the gist or essential characteristic of the present invention. 



INDUSTRIAL APPLICABILITY 



[0357] As explained above, according to the display device and the method for producing the same 
concerning the present invention, it is possible to obtain the following effects. 

(1) The clearance (gap) between the optical waveguide plate and the pixel structure can be easily formed, 
and it can be formed uniformly for all of the pixels. 

(2) The size of the gap can be easily controlled. 

(3) The adhesion of the pixel structure to the optical waveguide plate can be avoided, and it is possible to 
effectively realize the high response speed. 

(4) The contact surface of the pixel structure (contact surface with respect to the optical waveguide plate) 
can be formed to be smooth so that the light is efficiently introduced into the pixel structure when the 
predetermined pixel structure contacts with the optical waveguide plate. 

(5) It is possible to ensure the response speed of the pixel. 
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(6) It is possible to obtain the uniform brightness for all of the pixels. 

(7) It is possible to improve the brightness of the pixel. 

Data supplied from the esp@cenet database - Worldwide 



http://v3.espacenetxom/textdes?DB=EPODOC&IDX=W09924859&QPN=W09924859 



esp@cenet claims view 



Page 1 of 5 



DISPLAY AND ITS MANUFACTURING METHOD 



Claims of correspondent: EP0967507 



1 . A display device comprising: 

an optical waveguide plate for introducing light thereinto; 

an actuator substrate provided opposingly to one plate surface of said optical waveguide plate and 

arranged with actuator elements of a number corresponding to a large number of pixels; 

a pixel structure formed on each of said actuator elements of said actuator substrate; and 

a crosspiece formed at a portion other than said pixel structure between said optical waveguide plate and 

said actuator substrate. 



2. The display device according to claim 1, wherein said actuator element includes a shape-retaining 
layer, an operating section having at least a pair of electrodes formed on said shape-retaining layer, a 
vibrating section for supporting said operating section, and a fixed section for supporting said vibrating 
section in a vibrating manner. 

3. The display device according to claim 1 or 2, wherein said crosspiece is secured to said optical 
waveguide plate. 

4. The display device according to claim 1 or 2/wherein a gap-forming layer is provided between said 
optical waveguide plate and said crosspiece. 

5. The display device according to any one of claims 1 to 4, wherein said crosspiece is formed at portions 
around four corners of each of said pixel structure. 

6. The display device according to any one of claims 1 to 5, wherein said crosspiece has a window for 
surrounding at least one pixel structure. 

7. The display device according to any one of claims 1 to 5, wherein said crosspiece includes a stripe- 
shaped opening which extends along a direction of an array of said pixel structures and which surrounds 
said array of said pixel structures. 

8. The display device according to any one of claims 1 to 5, wherein said crosspiece is formed to have a 
line-shaped configuration which extends along a direction of an array of said pixel structures. 

9. The display device according to any one of claims 1 to 8, wherein said crosspiece is formed integrally 
with said actuator substrate. 

10. The display device according to any one of claims 1 to 8, wherein said crosspiece is constructed by a 
wire member which extends along a direction of an array of said pixel structures. 

11. The display device according to any one of claims 1 to 10, wherein a recess is formed on a surface of 
said pixel structure. 

12. The display device according to any one of claims 1 to 1 1 , wherein a step is formed on a surface of 
said pixel structure. 

13. The display device according to any one of claims 1 to 12, wherein a surface of said pixel structure 
has a concave configuration. 

14. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements corresponding to a large number of pixels; 
a pixel-forming step of forming pixel structures on said respective actuator elements on said actuator 
substrate; and 

a pressurizing step of laminating and pressurizing an optical waveguide plate in a state in which at least 
said pixel structures are not hardened, and then hardening at least said pixel structures. 



15. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than portions 
corresponding to a large number of actuator elements, of an optical waveguide plate; 
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a pixel-forming step of forming pixel structures at portions corresponding to said large number of pixels, 
said optical waveguide plate; and 

a pressurizing step of laminating an actuator substrate arranged with actuator elements of a number 
corresponding to said large number of pixels, on said crosspieces and said pixel structures, and 
pressurizing said optical waveguide plate and said actuator substrate in directions to make approach to 
one another. 



16. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements corresponding to a large number of pixels; 
a pixel-forming step of forming pixel structures at portions corresponding to said large number of pixels, of 
an optical waveguide plate; and 

a pressurizing step of laminating a surface of said actuator substrate formed with said crosspieces and a 
surface of said optical waveguide plate formed with said pixel structures with each other, and pressuring 
said optical waveguide plate and said actuator substrate in directions to make approach to one another. 



17. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than portions 
corresponding to a large number of actuator elements, of an optical waveguide plate; 
a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to said large number of pixels; and 
a pressurizing step of laminating a surface of said actuator substrate formed with said pixel structures and 
a surface of said optical waveguide plate formed with said crosspieces with each other, and pressuring 
said optical waveguide plate and said actuator substrate in directions to make approach to one another. 



18. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels and integrally 
having a plurality of crosspieces at portions other than said actuator elements; and 
a pressurizing step of laminating and pressurizing an optical waveguide plate in a state in which at least 
said pixel structures are not hardened, and then hardening at least said pixel structures. 



19. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements of a number corresponding to a large number 
of pixels; 

a pixel-forming step of forming pixel structures on said respective actuator elements of said actuator 
substrate; 

a first laminating step of laminating a plate member in a state in which at least said pixel structures are not 
hardened; 

a pressurizing step of pressurizing said actuator substrate and said plate member in directions to make 
approach to one another, and then hardening at least said pixel structures; and 

a second laminating step of removing said plate member, and then laminating an optical waveguide plate 
at least on said crosspieces. 



20. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than portions 
corresponding to a large number of pixels, of a plate member; 

a pixel-forming step of forming pixel structures at said portions corresponding to said large number of 
pixels, of said plate member; 

a first laminating step of laminating an actuator substrate arranged with actuator elements of a number 
corresponding to said large number of pixels on said crosspieces and said pixel structures; 
a pressurizing step of pressurizing said plate member and said actuator substrate in directions to make 
approach to one another; and 

a second laminating step of removing said plate member to transfer said crosspieces and said pixel 
structures to said actuator substrate, and then laminating an optical waveguide plate on at least said 
crosspieces. 



Page 2 of 5 

of 



http://v3 xspacenetxom/tex^ 



5/7/2004 



esp@eenet claims view 

21. A method for producing a display device, comprising: 
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a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements of a number corresponding to a large number 
of pixels; 

a pixel-forming step of forming pixel structures at portions corresponding to said large number of pixels, of 
a plate member; 

a first laminating step of laminating a surface of said actuator substrate formed with said crosspieces and 
a surface of said plate member formed with said pixel structures with each other; 
a pressurizing step of pressurizing said plate member and said actuator substrate in directions to make 
approach to one another; and 

a second laminating step of removing said plate member to transfer said pixel structures to said actuator 
substrate, and then laminating an optical waveguide plate on at least said crosspieces. 



22. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels; 
a crosspiece-forming step of forming a plurality of crosspieces at portions other than portions 
corresponding to said large number of pixels, of a plate member; 

a first laminating step of laminating a surface of said actuator substrate formed with said pixel structures 
and a surface of said plate member formed with said crosspieces with each other; 
a pressurizing step of pressurizing said plate member and said actuator substrate in directions to make 
approach to one another; and 

a second laminating step of removing said plate member to transfer said crosspieces to said actuator 
substrate, and then laminating an optical waveguide plate on at least said crosspieces. 



23. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels and integrally 
having a plurality of crosspieces at portions other than said actuator elements; 

a first laminating step of laminating a plate member in a state in which at least said pixel structures are not 
hardened; 

a pressurizing step of pressurizing said actuator substrate and said plate member in directions to make 
approach to one another, and then hardening at least said pixel structures; and 

a second laminating step of removing said plate member, and then laminating an optical waveguide plate 
on at least said crosspieces. 



24. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels; 
a first laminating step of using a jig including, on one surface of a plate member, a large number of size- 
defining members formed to have substantially the same height as that of crosspieces to be formed on 
said actuator substrate to laminate a surface of said jig formed with said size-defining members and a 
surface of said actuator substrate formed with said pixel structures with each other; 
a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; 

a crosspiece-forming step of removing said jig, and then forming said plurality of crosspieces at portions 
other than said actuator sections, of said actuator substrate; and 

a second laminating step of laminating an optical waveguide plate on at least said crosspieces on said 
actuator substrate. 



25. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels; 
a first laminating step of using a jig including, on one surface of a plate member, a large number of size- 
defining members formed to have substantially the same height as that of crosspieces to be formed on 
said actuator substrate to laminate a surface of said jig formed with said size-defining members and a 
surface of said actuator substrate formed with said pixel structures with each other; 
a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; 

a crosspiece-forming step of removing said jig, and then forming said plurality of crosspieces at portions 
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other than portions corresponding to said large number of pixels, of an optical waveguide plate; and 
a second laminating step of laminating a surface of said actuator substrate formed with said pixel 
structures and a surface of said optical waveguide plate formed with said crosspieces with each other. 



26. A method for producing a display device, comprising: 

a pixel-forming step of forming pixel structures on respective actuator elements of an actuator substrate 
arranged with said actuator elements of a number corresponding to a large number of pixels; 
a crosspiece-forming step of using a jig including, on one surface of a plate member, a large number of 
size-defining members formed to have substantially the same height as that of crosspieces to be formed 
on said actuator substrate to form said plurality of crosspieces at portions formed with no size-defining 
member, of a surface of said jig formed with said size-defining members, said portions being other than 
portions corresponding to said large number of pixels; 

a first laminating step of laminating said surface of said jig formed with said size-defining members and 
said crosspieces and a surface of said actuator substrate formed with said pixel structures with each 
other; 

a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; and 

a second laminating step of removing said jig to transfer said crosspieces to said actuator substrate, and 
then laminating an optical waveguide plate on at least said crosspieces on said actuator substrate. 



27. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements of a number corresponding to a large number 
of pixels; 

a pixel-forming step of forming pixel structures on said respective actuator elements of said actuator 
substrate; 

a first laminating step of using a jig including, on one surface of a plate member, a large number of size- 
defining members formed to have substantially the same height as that of said crosspieces to be formed 
on said actuator substrate to laminate a surface of said jig formed with said size-defining members and a 
surface of said actuator substrate formed with said crosspieces and said pixel structures with each other; 
a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; and 

a second laminating step of removing said jig, and then laminating an optical waveguide plate on at least 
said crosspieces on said actuator substrate. 



28. A method for producing a display device, comprising: 

a crosspiece-forming step of forming a plurality of crosspieces at portions other than actuator elements, of 
an actuator substrate arranged with said actuator elements of a number corresponding to a large number 
of pixels; 

a pixel-forming step of using a jig including, on one surface of a plate member, a large number of size- 
defining members formed to have substantially the same height as that of said crosspieces to be formed 
on said actuator substrate to form pixel structures at portions corresponding to said large number of pixels, 
said portions being formed with no size-defining member, of a surface of said jig formed with said size- 
defining members; 

a first laminating step of laminating said surface of said jig formed with said size-defining members and 
said pixel structures and a surface of said actuator substrate formed with said crosspieces with each 
other; 

a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; and 

a second laminating step of removing said jig to transfer said pixel structures to said actuator substrate, 
and then laminating an optical waveguide plate on at least said crosspieces on said actuator substrate. 



29. A method for producing a display device, comprising: 

a crosspiece-forming step of using a jig including, on one surface of a plate member, a large number of 
size-defining members formed to have substantially the same height as that of crosspieces to be formed 
on an actuator substrate to form said plurality of crosspieces at portions formed with no size-defining 
member, of a surface of said jig formed with said size-defining members, said portions being other than 
portions corresponding to a large number of pixels; 

a pixel-forming step of forming pixel structures at portions corresponding to said large number of pixels, 
said portions being formed with no size-defining member, of said surface of said jig formed with said size- 
defining members; 
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a first laminating step of laminating said actuator substrate arranged with actuator elements of a number 
corresponding to said large number of pixels on said crosspieces and said pixel structures on said jig; 
a pressurizing step of pressurizing said jig and said actuator substrate in directions to make approach to 
one another; and 

a second laminating step of removing said jig to transfer said crosspieces and said pixel structures to said 
actuator substrate, and then laminating an optical waveguide plate on at least said crosspieces. 



30. The method for producing said display device according to claim 20, 22, 25, 26, or 29, wherein when 
said crosspieces are formed, said members for constructing said crosspieces are laminated by utilizing 
surface tension of liquid. 

31. The method for producing said display device according to claim 20, 22, 25, 26, or 29, wherein said 
crosspiece-forming step comprises forming said crosspieces at said concerning portions of said plate 
member, and then hardening said crosspieces. 

32. The method for producing said display device according to any one of claims 14 to 31, wherein said 
pressurizing step comprises hardening at least said pixel structures while pressurizing said actuator 
substrate and said member to be pressurized together with said actuator substrate. 

33. The method for producing said display device according to any one of claims 14 to 32, wherein said 
optical waveguide plate includes a gap-forming layer at a portion corresponding to said crosspiece. 

34. The method for producing said display device according to any one of claims 14 to 32, wherein a gap- 
forming layer is previously formed on said crosspiece before laminating said optical waveguide plate. 

35. The method for producing said display device according to any one of claims 14 to 34, wherein when 
said actuator substrate and said member to be pressurized together with said actuator substrate are 
pressurized, a preliminary treatment is performed for gap formation, and a predetermined gap is formed 
between said pixel structure and said optical waveguide plate during said hardening of at least said pixel 
structures performed thereafter. 

36. The method for producing said display device according to any one of claims 14 to 35, wherein a 
vacuum packaging method is used to pressurize said actuator substrate and said member to be 
pressurized together with said actuator substrate. 

37. The method for producing said display device according to any one of claims 14 to 35, wherein a low 
pressure press method is used to pressurize said actuator substrate and said member to be pressurized 
together with said actuator substrate. 

38. The method for producing said display device according to any one of claims 19 to 37, wherein: 

said member, which is used to be laminated on said actuator substrate in said first laminating step, has a 
projection at a portion corresponding to each of said pixel structures; and 

a recess corresponding to said projection is formed on said surface of said pixel structure upon said 
pressurization performed in said pressurizing step after said first laminating step. 



39. The method for producing said display device according to any one of claims 19 to 38, wherein: 

said member, which is used to be laminated on said actuator substrate in said first laminating step, has a 
projection at a portion corresponding to each of said pixel structures; and 

a step corresponding to said projection is formed on said surface of said pixel structure upon said 
pressurization performed in said pressurizing step after said first laminating step. 



40. The method for producing said display device according to any one of claims 19 to 39, wherein: 

said member, which is used to be laminated on said actuator substrate in said first laminating step, has a 
convex configuration formed at a portion corresponding to each of said pixel structures; and 
a concave configuration corresponding to said convex configuration is formed on said surface of said pixel 
structure upon said pressurization performed in said pressurizing step after said first laminating step. 
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